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N iPREFACE

This is the Design Review Team Report on the Redesigned SD Cable Termination

for the BSURE Terminal and Transmission Units (TATU) used in the Barking Sands

Underwater Range Expansion In-Water System Replacement Program. The Design

Review Team included representatives from the Chesapeake Division, Naval

Facilities Engineering Command (CHESNAVFACENGCOM), Washington, DC, the Naval

Underwater Systems Center (NUSC), Newport, RI, and the Pacific Missile Test

Center (PMTC) at Point Mugu, CA.

Each member organization and its representatives prepared and contributed data

contained in this report. The Design Review Team Report was prepared for

publication by Chesapeake Division, Naval Facilities Engineering Command,

Washington Navy Yard, Washington, DC.

Contributors to this report are R. L. Cox and A. McNairy of CHESNAVFACENGCOM;

G. Nussear, R. Polley and Mike Ho of PMTC; R. Ricci and J. A. Millard of NUSC;

G. Merry of NOSC; G. MacKenzie of NSWC; Delco Electronics, Santa Barbara, CA;

S." and Columbia Research Corporation, Arlington, VA.
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,. " " CHRONOLOGY OF EVENTS

THE BARKING SANDS UNDERWATER RANGE EXPANSION PROGRAM

1972 Requirement for 1000 square nautical mile (nm2 ) range established

by CINCPACFLT

S. 1976 Installation of 1000+ nm 2 range completed by PMTC

1977 TATU failure in April...TATU failure in September reduced area to 850 nm
2

1979 TATU failure in February reduced area to 750 nm 2 ...TATU failure in

September reduced area to 550 nm
2

1981 TATU failure in July reduced area to 535 nm
2

1981 25-26 August, BSURE In-Water System Status Meeting

4 1981 5-6 November, BSURE In-Water System Replacement Preliminary Termination

Redesign Meeting

1981 December, BSURE Replacement Cable Termination Redesign Tolerance Study

1982 13-14 January, BSURE Replacement Program Termination Redesign Final

Design Review Meeting

1982 Failure Modes and Effects Analysis of Redesigned BSURE Termination

* ISealing System

* 1982 Reliability Analysis of the BSURE Redesigned Termination and Integrated

Test Program for the In-Water System Replacement Program

1982 Comments on BSURE Termination Redesign Documentation

1983 Reliability Analysis of BSURE In-Water Electronics

I'

- -. i - .



-, 1.0 INTRODUCTION

g- 1 1.1 Purpose. The purpose of this report is to document the efforts and analy-

ses of the Barking Sands Underwater Range Expansion (BSURE) In-water System

. .. Replacement Design Review Team (DRT) formed by Naval Air Systems Command,

AIR-630 letter 630-SL-027 of 5 Nov 1981 and additionally by NAVAIR message

.. . 271220Z of 27 Jan 1982. The DRT was tasked to investigate in detail the

redesigned BSURE cable termination to determine its mechanical and electrical

- adequacy for use in the BSURE replacement project. A team consisting of repre-

sentatives from PACMISTESTCEN (PMTC), CHESNAVFACENGCOM (CHESDIV), and NUSC

' , conducted a design review of the TATU cable termination seals to be used in

the BSURE replacement program.

1.2 Background. Requirements established by CINCPACFLT in the earl 1970's

resulted in the installation of the 1000 nm2 Barking Sands Underwater Range

Expansion (BSURE) in 1976 to support underwater tracking of participants in

large scale, free-play, multiple-threat AAW, ASW, and ASUW exercises. The

[ BSURE In-water System is comprised of two instrumented cable strings connected

to shore. Each string is a series of sensors (multiplexed onto a single type

SD coaxial cable) each consisting of a tethered hydrophone above a cable Terminal

and Transmission Unit (TATU). BSURE termination failures by 1991 had reduced

the operating area to 530 nm2 , and further failures would have reduced the area

even more. Incident to these TATU failures, COMTHIRDFLT and CINCPACFLT reiterated

requirements for the original 1000 nm2 tracking range. Ovcr one-half of the

TATUs have been recovered and the failures analyzed. The failures were caused

by water leakage in the TATU cable termination seals and were attributed to
,-il a

design/manufacturing deficiencies. The deficiencies were identified, and

- -. the cable terminations were redesigned to reduce both the cause and effect of

the seal failures.

. ... ...-



1.3 Scope. The Design Review Team (DRT) was formed to determine the adequacy

of the BSURE electronics design and the redesigned BSURE TATU termination design.

The first task undertaken was the review of the failure modes and effects analyses

(FMEA) of the cable termination redesign prepared by PMTC. The scope broadened

' . as related components became involved and ultimately included the following:

o Failure mode and effects analysis (FMEA) of the redesigned TATU termination

seals;

o Investigation of existing seal failure rate data;

o Investigation of quality requirements for seal mating surfaces;

o Investigation of program quality assurance requirements;

_ o Tolerance of redesigned TATU termination seals; and

o Parametric reliability analysis of the old and redesigned TATU

termination seals.

- 2.0 DESIGN DESCRIPTION

. -, The purpose of the BSURE In-water System Replacement program is to replace

the existing degraded and failing BSURE in-water system (Figure 1) with an

*. improved system that would function maintenance-free for a period of 20 years.

An important aspect of the replacement system is a redesigned cable-to-TATU

-. termination that provides significantly improved sealing capabilities. As

originally designed, the termination (Figure 2) did not provide adequate

protection against seawater entering through the cable core or sheath when the

outer insulation jacket is cut. The termination redesign (Figure 3), developed

and tested by the Pacific Missile Test Center, Pt. Mugu, CA, and Delco Elec-

tronics, Santa Barbara, CA, has been shown to protect against these conditions

in laboratory simulation tests. The redesign has three features which constitute

" - a significant improvement over the original design: concentric electrical

feed-throughs; redundant seals; and pressure equalizing oil-filled cavities.

2
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In the original design, the copper ground sheath was attached to an off-

center pin connected to the coiled cable assembly through a Morrison seal. A

leak path developed through this seal as a result of torque experienced by the

termination. The torque caused relative rotation between the termination

-. housing and the Morrison seal which in turn caused the pin to move inside the

seal. A cable outer jacket leak eventually caused the seal to develop a leak

along its interface with the pin which culminated in failure of the termination.

In the redesign, the eccentric pin has been eliminated by removing the outer insu-

lating jacket of the SD cable where it enters the termination unit. The copper

ground sheath has been folded back and clamped to the metal housing of the TATU

to assure reliable grounding of the ground sheath without off-center penetration

of the seal.

The redesign intrinsically is more reliable than the original design because

3 it incorporates more redundancy to obtain improved sealing characteristics. In

the original design, failure of a single seal could result in failure of the

- termination unit.

1 In both the original TATU and the redesign, the termination interconnect

* - housing is filled with castor oil. The redesign, however, provides a mechanism

for the oil cavities to be self-pressurizing to the ambient pressure thus reducing

the pressure differential across most seals to zero. The oil-'filled termination

is pressure-balanced by using the gimbal and termination housings as a piston

and cylinder, respectively. An air cavity still exists within the cable core,

* and the differential pressure between the ocean and this cavity (which is at

* atmospheric pressure) could drive oil into the cable interstices; however, two

ki~ Morrison seals prevent this from happening.

As shown in Figure 4, the termination consists of two mating assemblies:

4 an SD cable termination assembly and a gimbal assembly. In this figure, the SD

6



"jj

U r- -. r V r.-w-r•-- .-- •

Fz." i. •'

"1"- ''j , Z,

00l

z

NIT,

o , <.- I

--' ~ 6- .f , IL10J

,oo - -.- I ' !1 1

-4. T n S

,. -.-

,....: jl -3-

o-,Figure 4. Termination Showing Unmated SD Cable Termination

and Gimbal Assemblies. (External Rubber Boot not
Shown).

7% o .



cable enters the termination housing from the left. The outer sheath is removed

and the copper ground sheath is folded back and clamped. Seawater is in contact

S with the copper ground sheath at this point. An underlying polyethelyne dielec-

tric protecting the signal carrier is passed through a pair of Morrison seals

separated by castor oil. The polyethelyne dielectric is then passed through the

U load-bearing insulator and terminates within the load-bearing plate. At the

termination of the polyethelyne dielectric the high-voltage copper sheath is

exposed and secured to the load-bearing plate by a copper compression fitting.

An electrical conduction path is established through this fitting, through the

steel load-bearing plate, and then through the strength terminator encasement

to the center contact. This contact is achieved through use of a Multilam

Band (see accompanying detail in Figure 4), designed and patented by Brown

Boveri Co. of Switzerland. The Multilam Band is a flat band formed into a

cylindrical shape from heat-treated beryllium copper. The material is pro-

cessed to provide multiple louver-shaped spring contacts at the mating inter-

face. Thus, a highly reliable electric connection is formed with multiple

contacts operating at thousands of pounds per square inch.

The termination also provides a mechanical load transfer between the SD cable

and the TATU housing. Axial strength is required during deployment and recovery

operations to support the cable in 15,000 feet of water. The rated breaking

strength of the cable is 16,000 pounds.

* When the two assemblies are mated, an electrical path is completed through

* the gimbal center contact and the core of the gimbal interconnect cable into

* - the TATU. The assembly ring secures the two termination assemblies and permits

relative linear motion to achieve pressure equalization. The male and female

isolation tubes (MITs and FITs) are designed with band seals which permit



pressure equalization between the two oil cavities while preventing an electri-

cal path to be completed between high voltage and ground. The outer gimbal

boot is also oil-filled as shown on Figure 3.

3.0 INVESTIGATIONS AND DISCUSSIONS

3.1 Investigation of Existing Seal Failure Rate Data. An exhaustive search

was conducted by the DRT members to acquire data such as manufacturers' test

reports and test reports on other systems using Morrison seals in order to

establish a failure rate. No meaningful data was found (see Appendix A,

Item 6). This obstacle was overcome by using the failure rate of the old seal

design.

L

3.2 Investigation of Quality Requirements for Seal Mating Surfaces. To support

the reliability findings of the analysis, NUSC investigated the quality require-

ments for the machined seal mating surfaces. The investigation (Appendix B,

Item 6) indicated that the specifications on the drawings, which control the

actual quality during manufacture and inspection, were inadequate in not quan-

titatively specifying the limits on acceptability. Drawings were annotated:

"Indicated surfaces are sealing surfaces and shall be free of axial scratches

" " or other imperfections detrimental to sealing."

Difficulties of this nature would be eliminated by the quality assurance

program recommended by the DRT.

O3.3 Investigation of Program Quality Assurance Requirements. Preliminary
-p

investigations performed by CHESNAVFACENGCOM indicate that:

o The design is well within state-of-the-art manufacturing techniques

P and practices.

.4'p, .
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o It is undetermined if the design is conducive to evaluation tests at

various levels of assembly.

o It is undetermined if the design is overly sensitive to the skill level/

motivation of assembly personnel.

o An integrated test plan is needed.

CHESNAVFACENGCOM recommended (Appendix A, Item 10) that a Quality Management

Team (QMT) be established to oversee the quality assurance program for the

BSURE replacement effort. The QMT would assess requirements in areas such as

configuration management, documentation, manufacturing, assembly and test.

3.4 Tolerance Study, Redesigned Termination Seals. CHESNAVFACENGCOM performed

an initial tolerance study (Appendix C) in December 1981 to determine to what

extent it was possible for component part tolerances to build up to the point

where the redesigned seals would no longer fit properly. The results indicated

that there was a remote possibility for this situation to occur, but that the

-' - tolerance changes required to eliminate this were minor; NUSC confirmed this

possibility. One solution was that in the event the situation should occur

during assembly, resolution would be to interchange parts to provide an

adequate seal. This solution was ruled out in favor of changing the drawings

to reflect the required tolerance changes because production had not yet begun.

CHESNAVFACENGCOM's initial tolerance analysis was checked by PMTC (Appendix D)

and DELCO (Appendix E) confirmed the tolerance problem. A final analysis based

*on the latest drawings was performed by DELCO, PMTC's contractor.

3.5 Failure Modes and Effects Analysis (FMEA), Redesigned TATU Seals. The PMTC

team prepared a FMEA (Appendix F) on the TATU connector redesign and the old

TATU seals. A FMEA is intended to:

10



o Examine all potential failure modes and their causes.

o Assess the reliability status of the various elements of the system.

- o Assess the effect of each failure mode on system operation.

o Indicate any need for design modification (based on facts disclosed

under the items above).

S The FMEA answered these items and was centered on possible failure modes,

except that it did not determine the reliability of the seal redesign. The

FMEA did provide the DRT with insight to the reliability problem and served

- "- as a base to determine what other analyses would be necessary.

3.6 Reliability Analyses, Old and Redesigned TATU Seals. Since independent

to

4 historical seal failure data could not be found, the DRT made an engineering

judgement that analyses comparing the actual old seal failures to the predicted

redesign seal failures would be the most practical approach to determine the

reliability of the seal redesign. CHESNAVFACENGCOM performed a reliability

- analysis in November 1981. NUSC performed a similar analysis using a slightly

* different equation. A comparison of the results of the old seal and redesign

-p seal analyses by both team members (Appendix G, Item 7; Appendix A, Item 8)

- .indicates that the redesigned seal intrinsically is 100-500 times more reliable

than the old design. Pertinent details of the analyses are presented below.

* - Assumptions: Due to the lack of applicable data for elastomeric seals

(paragraph 3.1), the following simplifying assumptions were used to govern the

approE'ch to the analyses:

%o Constant Failure Rate for Morrison Seals and O-Rings. It is assumed

the Morrison seals and O-rings have a constant failure rate. This

assumption is frequently employed in reliability analyses and very

little error is caused by its use.

I"A
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'~ ~ o Identical Failure Rate for all Seals. Because applicable failure rate

data was not available, it was assumed that all seals have identical

failure rates. There are similarities in the design, elastomeric

composition, application, and environment of all the seals. Both designs

employ both types of seals. It therefore appears that this assumption

is valid for these analyses.

o Negligible Effects Due to the Oil. The effects of castor oil on the

failure rate of the seals were disregarded in these analyses. As an

engineering judgement, it is believed that the use of oil in the redesign

* - will have beneficial effects on the reliability of the termination

unit seals. In the redesign, the oil is pressurized to ambient causing

a zero-pressure differential across most of the seals. Therefore,

the actual reliability of the redesign will be better than the results

U of these analyses indicate.

Approach to Analyses:

o Assess the reliability of the old seals, based on 1,947,640 hours of

* actual operation, and predict the reliability of the old seals over a

20-year period.

o Then, using the same failure rates as used for the old seals, predict

the intrinsic reliability of the redesigned seals over a 20-year period.

o Then compare the results of the two analyses to determine if the

seal redesign is intrinsically more reliable than the ol~d design.

Results. A comparison of the results of the analyses indicates that the seal's

Lredesign is 100-500 times more reliable than the old design. Comparison tables

are presented in Appendices H and 1.

12
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4.0 RELIABILITY ANALYSIS AND INTEGRATED TEST PROGRAM FOR THE REDESIGNED
BSURE TERMINATION

,4.1 Reliability Analysis. Columbia Research Corporation (CRC) conducted a

reliability analysis of the termination for NUSC (Appendix H). In this analysis,

reliability equations for the redesign and original termination designs were

developed from system block diagrams and success state tables. The equations

were solved for hypothetical reliability values of Morrison seals and O-rings.

A comparison of the reliability performance characteristics of the redesign

and original designs was then made. This comparative analysis confirmed the

superior reliability performance of the redesign.

4.1.1 Assumptions. Due to the lack of applicable reliability data for elasto-

meric seals, the following simplifying assumptions were used to govern the

approach of the reliability analysis:

o Constant Failure Rate for Morrison Seals and O-Rings. The first assump-

, -. *tion made for the analysis is that the Morrison seals and O-rings have

p a constant failure rate. This assumption is frequently employed in

failure rate analyses and very little error is caused by its use.

o Identical Failure Rate for all Seals. The second assumption is that all

seals, Morrison seals and O-rings, have identical failure rates. This

assumption was made because actual failure rate data for these compo-

nents could not be located. Since there are similarities in the design,

elastomeric composition, application, and environment of both Morrison

seals and O-rings, and since both the original and modified designs

employ both types of seals, it appears this assumption is valid for a

h. comparative analysis.

13
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o Negligible Effects Due to the Oil. En this analysis, the effects of

castor oil on the failure rate of seals have been neglected. It is

generally believed that the use of castor oil in the redesign will

have beneficial effects on the reliability of the :ermination unit.

In the redesign the oil is pressurized to ambient causing a zero-

pressure differential across the seals. The reliability analysis

neglects this effect. It is therefore felt that the actual reliability

performance of the new design might be better than predicted.

4.2 Reliability Analysis (Success States). The block diagram for the original

design and the redesign had been prepared by CHESNAVFACENGCOM (Appendix I)

based on the FMEA diagrams prepared by PMTC. Using these block diagrams, all

the possible success states of the termination units were listed. A success

state is any condition in which the termination unit will function as required

even though one or more components have failed. All combinations of failed and

:; ~: functioning components that result in system success comprise the system success

states.

4.3 Reliability of the Redesign. From the reliability analysis it was con-

cluded that the redesign is a significant improvement over the original design.

The predicted improvement is a result of increased component redundancy in the

Predesign. Additional performance improvement is expected because the redesigned

termination eliminates pressure differentials across all but two seals. The

* beneficial effects of eliminating the pressure differential were not considered

in the reliability analysis. Based on this conclusion it was recommended that

the redesigned termination be approved for use in the BSURE and that no further

design analysis efforts be conducted unless the need for additional redesign is

U14



subsequently indicated by testing. Two additional recommendations regarding

tests were included in paragraphs 5.2 and 5.3 of the CRC Analysis for NUSC

(Appendix H).

5.0 RELIABILITY ANALYSIS OF BSURE IN-WATER ELECTRONICS

. 5.1 Reliability Analysis Study. It was apparent from a study of BSURE in-water

electronics that the Hydrophone/TATU Electronics were suitable for re-use in

the replacement program (Appendix A, Item 7).

6.0 COMPARISON OF CHESNAVFACENGCOM (PARAGRAPH 3.6) AND NUSC (PARAGRAPH 4.0)

ANALYSES

6.1 Comparison Assumptions. The same assumptions were used in both analyses,

i.e.:

U o Constant failure rate for Miorrison seals and 0-rings;
.

o Identical failure rate for all seals; and

o Negligible effects due to the oil.

6.2 Original Design/Redesign Block Diagrams. The block diagrams for the

original design and the redesign had been prepared by CHESNAVFACENGCOM and were

utilized by NUSC (Appendix I).

6.3 Participants' Conclusions. CHESNAVFACENGCOM and NUSC both concluded that

the termination redesign is a significant improvement over the original design.

The predicted improvement is a result of increased component redundancy, and

additional performance will result from the fact that the unit has been rede-

signed to eliminate pressure differentials across all the seals but two.

II 15



7.0 CONCLUSIONS

The results of the Design Review Team's independent analysis, studies, and

U investigations show that:

~ -~ o The TATU termination seal redesign is intrinsically 100-500 times

more reliable than the old design;

o The intrinsic reliability is considered a fair representation of the

actual operational reliability, rovided that the design is not compro-

mised through the use of inadequate controls in areas such as configura-

tion, drawings, manufacturing, assembly, test and inspection, packaging,

storage, shipping, receiving, and installation; and

4 o To ensure the maintenance of reliability standards and the integrity

of design requirements for the TATU termination throughout the life of

the refurbishment program, that adequate quality assurance controls be

* established and implemented.

8.0 RECOMMENDATIONS

It is recommended that:

o The TATU termination seals redesign be used for the BSURE refurbish-

ment program;

o Adequate quality control procedures be established and maintained

throughout the life of the refurbishment program to ensure that the

design is not compromised during manufacture and deployment;

o An independent government Quality Management Team be formed to oversee

all aspects of the project quality control to ensure that the controls

. IL are adequate; and

o A government Quality Management Team monitor the contractor's quality

program to ensure that adequate quality controls are implemented and

maintained.
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APPENDIX A
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MINUTES OF BSURE REPLACEMENT PROGRAM FINAL DESIGN REVIEW MEETING
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APPENDIX A

EXCERPTS FROM THE
MINUTES OF BSURE REPLACEMENT PROGRAM FINAL DESIGN REVIEW MEETING

G 1. This meeting was held 13-14 January 1982 at NAVAIR Headquarters. Final
design review analyses of TATUs were presented by CHESNAVFACENGCOM (CHESDIV),
NUSC and PACMISTESTCEN (PMTC). Action items and future plans were agreed
upon prior to adjournment.

2. Mr. Culver and Mr. Crangle (AIR-6303) opened the meeting and discussed the
BSURE funding situation. OPNAV has authorized $1.8 H FY-82 O&M,N funds to
extend the DELCO contract to refurbish TATUs for a second string and provide
initial engineering support.

3. Mr. G. Nussear (PMTC) provided a status report of the 30 September 1981
contract with DELCO. Contract milestones and schedule were reviewed. The
additional (second string) contract will be awarded in early February 1982 to
DELCO. Target completion date of this contract effort is September 1983.
The delay in contract award was caused by the need for review and approval
by AC Electronics, Detroit, and DCASMA because of the size of the contract
amount.

4. Mr. R. Cox (CHESDIV) presented the results of the Design Analysis Team
(DAT) seal tolerance efforts, expressed residual concern and recommended minor
changes in the seals. (See covering memorandum, Appendix C.) Mr. R. Polley
(PMTC) presented results of their tolerance study of BSURE plug-in terminator
(Appendix D). Discussion on the subject attempted to resolve different views
of CHESDIV and PMTC. The CHESDIV position was that all O-rings should be
reviewed by the government as sufficient questions of compression, cavity and
seal size exist to warrant this review. PMTC felt that normal (accepted

* standards) tolerance ranges and inspection/control procedures should eliminate
any problems. Different size sealing components could be changed during assem-
bly as a result of quality control and inspection (QC&I) procedures. It was
agreed that changes to QC&I procedures should be made as soon as possible,
rather than in the future, as a change to the scope of the DELCO contract
would be more costly later.

-, - 5. Mr. R. Cox (CHESDIV) discussed the results of the DAT analysis effort and
the action items from the preliminary design review (page A-8). Mr. G. Nussear

* (PMTC) indicated that 95 percent of the "built to" drawing package had been
obtained from DELCO. Considerable discussion ensued as to the status of the
remaining 5 percent of the drawings and reasons for reluctance or delay on
the part of DELCO. It was agreed that every reasonable effort should be put
forth to obtain, or to make available for government review at DELCO, the

* remaining drawings. PMTC has received the seal tolerance analysis from DELCO
and will obtain the seal assembly procedures later as a contract deliverable.

6. Mr. R. Ricci (NUSC) reported on efforts to obtain information of seal
failure rate data and on accelerated life testing (pages A-9 thru A-12). No
failure rate data for seals suitable for analysis was located. Accordingly,
the NUSC approach utilized operational data from existing installations. A
reliability figure of .916, based on operational data analysis, was derived.

A-3
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* However, this is highly questionable based on approximately 2 million hours on
the two existing BSURE strings. Normally, 8-10 million operating hours are
considered the minimum for a representative data sample.

7. Mr. R. Ricci (NUSC) presented an assessment of TATU Electronics with pre-
dicted system reliability (pages A-13 thru A-18).

* 8. Mr. R. Cox (CHESDIV) reviewed the CHESDIV model for seal comparative reli-
ability Figure of Merit (FOM) as presented at the previous meeting in November
(pages A-19 and A-20). (NUSC had arrived at a very similar model.) Applying
the .916 reliability figure derived by NUSC to the models results in a 100- to
500-fold improvement of the new design over the old design.

K 9. Mr. R. Cox presented a four phase integrated test plan (page A-20). This
was followed by a discussion of the quality control (QC) and test functions
(pages A-22 thru A-24). NUSC, CHESDIV and PMTC recommended that an indepen-
dent activity/contractor, preferably located close to DELCO, perform the QC
and test of BSURE replacement assembly. The roles and functions of this
activity were discussed at length.

10. Mr. R. Cox (CHESDIV) proposed a Quality Management Team (QMT), to operate
in a similar manner as the Design Analysis Team, with one representative each
from CHESDIV, PMTC and NUSC. This group would be briefed periodically by the

i - QC/Test contractor and meet quarterly in California to review the assembly/
installation progress (page A-25).

11. A summary of recommendations was presented by the DAT (CHESDIV, NUSC and

PMTC) (page A-26). Discussion followed on BSURE replacement program funding.

12. Action items were discussed and agreement reached on the following:

A. DAT will complete the design analysis, write a report, and begin
functioning as the QMT. The team will consist of representatives from PMTC,
NUSC and CHESDIV. Mr. R. Cox (CHESDIV) will continue as the team chairman.

1B. The DAT will complete the Seal Tolerance Analysis. They will conduct
an on-site review of DELCO "build-to" drawings to determine the following:
1) drawing changes should be required to eliminate or relieve potential
problems resulting from tolerance build-up or O-ring compression, 2) the
extent of such changes recommended (if any), 3) the expected effect of such
changes (if any) on the assembly and performance of the TATU, 4) the estimated
cost impact of such changes (if any), and 5) a comparison of the effective-
ness of any alternative solution to the problems (e.g., parts selection). The
DAT will submit a report to AIR-6303 with recommendations and identification
of any additional drawings desired to have released by DELCO to the DAT prior
to the required contract delivery by 15 February 1982.

S-C. In conjunction with the DAT's visit to the DELCO facility to review
the build-to drawings, the Team will review the TATU assembly instructions/
procedures to determine the adequacy of these instructions. They will also
determine the need, extent, and feasibility of amending these instructions to

a [ include any additional instruction which may be required because of tolerance
built up or O-ring compression. These instructions/procedures must be complete
and accurate enough to permit the proper assembly of TATUs by an alternate
source (other than DELCO). They will submit a letter report to AIR-6303 by
15 February 1982.

A-4

7o"



D. The DAT will provide inputs to AIR-6303 for the preparation of Project
Master Plans (PMP) by 15 February 1982. These inputs should include a brief
description of each project task and identification of responsible and perform-

1% ing organizations. Also, the relationship, or interdependence, of the various(*Cm tasks should be described.

E. NAVAIR will prepare and send a message to the proper Commands describing
the disestablishment of the Design Analysis Team and the establishment of the
Quality Management Team by 22 January 1982 (complete).

g F. QHT will prepare a work statement describing the quality control and
test functions-required to be performed by the agency (government field activity
or contractor) designated as the quality control support agency by 15 February
1982. They will determine if NCEL will accept this responsibility for the
BSURE Replacement Project and if such assignment is recommended.

G. The DAT members will provide more refined cost estimates for the
- . various project tasks contained on the BSURE Replacement schedule and funding

chart distributed at the 13/14 January design review by 8 February 1982. They
" will also provide reoummndations regarding schedule changes as appropriate.
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NUSC COMMENTS ON BSURE REDESIGN DOCUMENTATION

1. The BSURE redesign drawings have been given a cursory review by both
NUSC and CHESOIV. The primary purpose of the review was to determine the
accuracy and completeness of these drawings to achieve redesign goals.
The design depicted on the drawings appears to represent a viable solution.
The redesign validity has been verified by a successful test of a prototype.
It could not be verified if the drawings accurately reflected the tested pro-
totype. In all probability, they do not.

The design depiected on the drawings was reviewed in some detail parti-
cularly in the areas of the Morrison seals and the '0' rings. The investi-
gation did not reveal any obvious flaw in the design or in the use of these
seals. This review included a tolerance variation assessment and its effect
on the proper function of the seals.

2. The general category of the Delco drawings reviewed, tends to fall into the
LEVEL 2 category as defined by DoO-0-1000B. This assessment is based on the
fact that many component materials are specified in terms of internal Delco
specifications, supplier identification, or general industry nomenclature
without specific control reference. In addition, a few key fabrication opera-
tions are controlled and qualified by the use of special Oelco tool gages.
The drawing package references a few tests at assembly, but these tests appear
to be minimum in scope and are part of the original design package and may be
inadequate and/or inappropriate for the redesign version.

3. The drawing package depicts a design which utilizes extremely complex corn- j
ponents containing many precision dimensions which require extreme care in
methods of fabrication and inspection. The Quality Assurance Program, due to
be submitted for approval 30 days after contract award, is the key document to
insure proper fabrication and inspection of all deliverable components in
accordance with the drawing package. The Government should review this sub-
mittal with care before approval of this document is given.

4. Three drawings are referenced in the contract as defining the deliverable
items. These drawings are 7556614 for TATU refurbishment, 7556615 for REPEATER
refurbishment, and 7556616 for anode rework. These drawings were not part of

• the documentation package available for review, therefore, a top-down breakdown
of the family tree could not be made. From the contract and all other infor-

'. mation available, an exact determination of the total drawing package and re-
-" vision status which forms the technical and fabrication base for the contract

could not be determined. It is essential that the total contract documenta.ion
package be accurately identified to establish the production baseline.

5. The contract does not formally establish a Configuration Management Program.
A CM program is vital to systematically evaluate and implement changes, waivers,
and deviations to the production baseline. It is assumed that Delco has an

dinternal CM Program which may be adequate for the goals of this contract. A
severe deficiency in the contract is this internal program will function without
government participation and approval. Government participation is mandatory

A if in-process and end product control is to be adequately established and main-
tained throughout the contract.

B-



6. The following are general and/or often repeated comments generated from
the drawing review:

a. Many key sealing surfaces are controlled by a drawing note which states:
"Indicated surfaces are sealing surfaces and shall be free of axial scratches

* -" "or other imperfections detrimental to sealing." This statement, although of
noble intent, does not quantitively specify the limits of acceptability which
may be critical to the design success.

b. Most drawings created in 1980 (756XXXX series) were not checked.
These drawings contain signatures of the draftsman and an engineer. A checker's
signature signifies a very skilled individual who possesses intimate knowledge
of all fabrication methods and drafting standards has reviewed the drawing for
completeness, adequacy and accuracy.
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APPENDIX C

BSURE CABLE TERMINATION

CHESNAVFACENGCOM TOLERANCE STUDY, DEC 1981

NOTE: The analysis was performed by CHESNAVFACENGCOM using early release

drawings provided by PMTC for review. Subsequent analyses conducted to

confirm tolerance design problems noted in this study were undertaken by

*PMTC and DELCO using the final release drawings. PMTC and DELCO analyses

Uare provided in Appendices D and E. Apparent tolerance problems noted in

the CHESNAVFACENGCOM analyses which resulted from use of early release

*driwings were identified by PMTC and provided to CHESNAVFACENGOM for

information. Design changes were made by DELCO to correct tolerance

problems noted by CHESNAVFACENGCOM and confirmed by PMTC and DELCO.
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-~ 29 December 1981

Fran: FPO-lIH'3
-To: B-lFP4

* Subj: BSt1RE Cable Seal Tolerance Study

Endl: (1) Tolerance Study Calculations

1. A study has been conducted of the Delco, Electronics drawings of the
BSURE cable termination. The purpose of this study was to determine if
there was any possibility, however reote, of any seal leakage in the hard-
ware fabricated and assembled f rom these drawings. While the effort was
burdened by the absence of an assembly drawing and any documentat ion

* describing assembly procedure, it was possible to determine that potential
for leakage could exist, mostly in the secondary seals. It should be recog-

- nized that the leakage would result fran tolerance build-up under the worst
possible combinations, since such a situation could exist although admittedly
unlikely.

2. Enclosure (1) first addressed 'the Mrrison-type seals, numbers 30, 26,
20, 14, 2 and 1 as shown on page 28. This effort was made to determine if
there existed any possibility of the seals having greater volume than that
available in their cavities. This situation exists for several seals so
the effects of the resulting displacement of members forming the seal cavities
were investigated. This effect can make at least one of the secondary seals

b ineffective.

Second, the 0-rings, seals numnber 33, 29, 23, 16, 15, 13, 12, 7, 5, and 4
were checked for mnaximum and minimum compression, including the effect of
stretching. In addition, each 0-ring was evaluated for relative volume com-
pared to available volume in the 0-ring grooves. In general, the maximum

[ compression was extremely high, considerably above accepted standards, although
such standards do not appear to be finite for such static seal applications.
In addition, some of the seals can occupy a very large percentage of the availabi
volumne in the grooves, approaching 90%. Thus, they must change from a circular
to an almost square cross-section. It would seem that both of these problems
could result in difficult assembly problems and possible seal material deter-
ioration with time.

The two band seals, numbers 21 and 19 were checked also. No potential
problems were apparent.

3. Enclosure (1) has uncovered the following sealing problems:

a. Morrison-TIype Seal No. 30 Installation: This seal can be 3.2%

* volumietrically more than the available volume, or probably greater than this
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29 December 1981

Subj: BSO Cable Seal Tolerance Study

if a minute amount of metal compression occurs in the taper joints. This
can cause a gap of .0142 inches minimum between pieces number 27 and 32 and
possibly as high a- .05 inch. Since a gap of only .017 inch will result in
O-ring seal numzber 29 being exposed and thereby ineffective, 4t is recmmnended
that the nominal .36 inch seal width be reduced to a nominal .30 dimension.
In addition, the assembly procedure should include an accurate measurement to
determine that piece number 27 is actually bottomed against piece number 32,
which would indicate that the gap problem does not exist.

b. Morri Seal Na.zubr 26 Installation: This seal will not exceed

the avail .le volume in the seal cavity. However, there is a seal back up ring
drawing niuer 7564009 which appears to fit this cavity, although this is not

.- clear from the drawing. If indeed it is installed with seal number 26, their
e.:ined volume will exceed the available volume by 3%. This will cause gapping
between piece number 25 and 27. while this will not present a seal problem, it

- will have the effect of backing piece number 17 out of the termination housing,
piece number 9. This is undesirable, so measurements should be taken at assembly

* , to ascertain that the gap does not exist. If it does, the length of seal number
26 should be reduced, or possibly leave out the seal back-up ring.

c. Morrison- Tpe Seals Numbers 14 and 20: These are the primary seals,
* and as such, warrant maximum attention during assembly. Seal number 20 and the

m seal described by drawing number 7563620 can extend .013 inch into the taper
of piece number 18. It is not kzn if this could present an assembly problem,
since the depth of the potting for cable strength members in this taper is

Seal number 14 can require more volume than available in the seal cavity,
causing a .030 inch gapbetween piece number 18, the cable terminator and the
. ression nut. This does not appear to present a problem when using the
number 20 seal shown on drawing number 7563620-001. Mwever, the -002 seal on
this drawing is .80 thick instead of .31. It is much too thick for this
installation. It's use is unknown.

- -. d. Morrison-Type Seals Numbers 1 and 2: There are no apparent problems
relative to volume versus available space for these seals.

e. 0-Ring Seals: The enclosed calculations show O-ring c~mpression as
high as 47% maximum and 18 1/2% minimum. These figures are slightly high,
since they do not take into account the slight oval cross section which the
rings assume when stretched the order of 3% when installed. However, the
amout of ompression is very much higher than one authority's normally accepted
maximum compression of 24% and minimum ompression of 17% for static O-rings.

I ." " '' .- " v ." ." . *.'-. . . .. . ...,.. . .*'. '.%/ _ . X* , '. -,, - . . . - *..- . - .' . - • . . -
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Subj: BSURE Cable Seal Tolerance Study

..'.. it is not known if this presents a problem, other than the obvious difficulty
i~~

uBin assembly. In a .io, some seals, such as numbers 12 and 13 can occupy
w87 1/2% of the~letctanglu fo-ring cavity. The absence of "ramps" or bevels on

some pieces muse II licate assembly when such a high percentage of
the seals must be deformed. In addition, as the 0-rings swel with time when
immersed in salt water or caster oil, they could possibly expand sufficiently

to force some members apart. Countering this is the fact that the durameter
hardness measurement will increase as the seals are exposed to near freezing
temperature at depth after assembly in possible hot sunshine.

" f. General: It is imperative that the unit be 100% oil-filled prior to
installation. This should effectively prevent any bending at the assembly ring
if it is subjected to any bending moment during handling. It is not known if

-- this is possible, since details of handling sheaves, etc. are not available. A
brief investigation was made to ascertain if the shrinkage of the caster oil
from deck conditions to installed conditions near 33°F could present any problems.
No such problems are apparent.

A. W. NNAIRY
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APPENDIX D

PACIFIC MISSILE TEST CENTER

TOLERANCE STUDY

~* ~.BSURE PLUG-IN TERMINATION
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.PACIFIC .ISSILE T FS Cc,,-IR
TOLERANCE SMiJOY

- - BSURE PLUG-.t TEMIDIATION

' 1.0 SU ARY: No changes to detail c=ponents or sub-assemblies are rec:nmanded.

Any occurrence of assembly problems due to worst-case tolerance values may be

.:--easily correctad by selective component assembly.

2.0 BACX CUN0:. At the request of the Naval Air Systems Cozaand, Code AIR-63O,

a and based upon questions raised in review, of design documents by pers.onnel frcm

. the Naval Facilities Engineering Comand, a study was undertaken by Coda 3144 af

,. the Pacific issile Test Center to determine whether any specified dimensions or

their accumulated tolerance buildup might cause assembly difficul'ies for the -r;os

44 design of te S JRS furbishment, plug in, type SO cable termination, as repe.nd

In OL-40gl5 and associated shop drawings.

0..In arriving at final assembly results, absolute orst case tolerance acc=uulations

were cznsidered. Also investigated were assembly under nominal and low-end

ttolerance- conditions and their effect on diametral clearancas, part-ta-part alignment,

a-ring gmove design, and Morrison seal design.

: .a.1 No evidence of diametral inte.erence nor alignment problems could be found.

.All mating/interfacing crmponent were investigated.

.L t".2 a-ring gland design on taper nut, part mo. 7S6412S, was fourld to deviate slihtlv.
.. ' 0.m manufact'rer's (Parar-Aannifin Corp.) specifications. iowe',er, as it c:mr.ses

, t~he o-ring ,-ere, it will result in a better seal at low pressures while still

LfunctiOning we2i at hicher press.res, sh.zujd a loss of rav i o I occur.



3.3 Morrison seal desion and placement are acceptable at nominal dimensional values

This morrison seal (coreseal 7363636), under an unlikely accumulation of tolerance o
six individual par't, is still acceptable for high pressure service, and will perfo

very well under the current, pressure-balanced design.

3.4 The load bearing plate (p/n 7564131), the male ground contact. (75641Z)-, the

leveled snap ring (7564546). and its grove exhibit no assembly problems at nominal

. , dimension values. However, under wors't-case tolerance accumulation, only .010" of

the snap ring would seat in its qroove. This Is easily recognizable during assembly

and can be corrected at that time by choosing other parts or by reachining the male

ground contact to nominal or low-end dimensions.

4.1 No dimensional, tolerance, or part changes are recommended.

4.2 Asse=bly drawings should be acccmpanied by contractor manufacturing routings

which will alert shop assemblers to check and, if nz=csary, correct areas discussed

i tn paragraph 3.0. Corrective action may be effected through selected component

- assembly cr remachining of cartain components.
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NOTE: This analysis was performed on an early design of the electronics

-. system which differed slightly from the design actually used. The design

analyzed included some parts that were not included in the final design,

I giving reliability results that were slightly lower than those computed by

the manufacturer of the system. This analysis is included in the interest

of completeness in reporting the analyses performed by the Design Review

Te'm and because the results are considered somewhat indicative of the

reliability of the system.
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MORRISON SEAL 10

(LOCATED INSIDE STRENGTH TERMINATOR 7564144)

o ANALYSIS RESULTS

UNDER WORST CASE TOLERANCE CONDITIONS SEALS COULD OVERLAP

INTO TAPERED AREA BY .044 AND .042

o RECOMMENDATION

1. CHANGE TERMINATOR, DOEL DWG 7564144, AS FOLLOWS TO PROVIDEa. MORE SPACE FOR SEAL

FROM: 3.480 TO: 3.52.0
FROM: 1.000 TO: 1.040
FROM: .390 TO: .430
FROM: .780 TO: .820

2. CHANGE NUT, DELCO OWG 7563617, TO AS FOLLOWS TO PROVIDE MORE
SPACE FOR SEAL j

FROM: .670/.660 TO: .630/.620

DELETE .1301.120 DI.EISION

ADO .210 01>. .,
'.190
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MORRISON SEAL 7564138

a ANALYSIS RESULTS

UNDER WORST CASE TOLERANCE CONO!TIOiS, AN ADEQUATE GLAND C'.UE

* - IS AVAILABLE FOR THE SEAL.

a RECOMMENDATION

USE EXISTING DESIGN

-

w. °~: i>LQSc

.". . I



0-RING SEAL

'(LOC.ATED ON TAPER NUT 7564128

o ANALYSIS RESULTS

* UNDER WORST CASE TOLERANCE CONDITIONS 0-RING COULD BE

OVERLAPPING TAPERED SURFACE OF GIMBAL HOUSING 7564123

* BY .001.

;.

a RECOMMENDATION

INCREASE LEINGTH OF SEALING SURFACE ON GIMBAL FROM

.350 TO .-IGO.

REF DELCO DWG 7564123

[--

04

I '

i&* . - - - ..-.



MORRISON SEAL 7563636
(LOCATED i S?7OL 7564124

[ o ANALYSIS RESULTS

UNDER WORST CASE TOLERANCE BUILDUP, THE "SEAL" VOLUME WILL

EXCEED THE AVAILABLE VOLUME BY .008 IN

. RECOMMENDATION

1. INCREASE SPOOL CAVITY LENGTH FROM .88 TO .90, REF DELCO

OWG 7564124.

- - 2. DECREASE SEAL LENGTH FROM .37 +.02 TO .37/.35 AND SPECIFY
i a} Li 61 1 L. .4.

.37/. 35 BE MET WHEN Oli T'E 275 .276 "A 'R""'

- REF. DELCO OWG 7563635
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~ 0-RING GLAND DESIGN

ANALYSIS RESULTS

0-RING GLAND DESIGN IS PER PARKER DESIGN HANDBOOK OR 5700 FOR

STATIC INDUSTRIAL TYPE 0-RING SEALS.

RECOMMENDATIONS

RETAIN PRESENT DESIGN

E-7



all'

UN.

rd '\\ iG
y L- -

:'~F -o

U.\, A-

'r'bit

dea Ii '4K~d2.- 'IrkL

*~, j : .o0

(7

E-8N



-. . -c

" , .4.1f - -

___ ___ ___ __ Q,

-E-9

7k=

,6' -X 7 '" 780 = ,7, -..

4.%. -. . . - 4

'-4 4. 4** 4 '-: . 4-'- * '~.- - , 47 ,4



----------- ,v--r - w- - C -- -r --

0' z 7r,,;

'44 -.

W~d4Dl7 4 Z I z

,.. ,. --,' d2

-i -. +<,

E-10



,'--2

" o#'. ---, , wzqo

. C--.7.f6 423 40d

1414 A44u

-.. -,1 ..1
N "" -,

,

"5 --- 3 ,<- "-'c"'l>i

. | -I".
"-= - --- --- ". -I-- -.

I I I '

1E-11

:'- "" , 11

... :-., , .-. .O



.% ',•- -
to

Vi,. Zc

-U -'. ---- - - | '

[ '"I I 'VS
'-~ ." 'mt

I.: .4 Z'

| ""i..Mow
-rn-,T- *

"4f/ A/,; 22)

.. . . .€/ =-

,-..,, *. ,, - ,



L '5
I 

M 
L z_

75 6 -42 A1

S,4 .4 _

<_____________-. ;;)

S- - Sco r~ !: . .0.,,-4 __

< _, , ~~
- - . ..

E-13

--,'-' -- - - -

-- ": -"I '--,:L_:" "
"-"' ' - *.-*-* , 4



u-~~lu R- I. Ov I~ IC I ~ U WL~7

00

I-I

-.. 0

-:0 2"

. , lb./ O 3

- /00

,*., ' -..:-'' '•" /I X,.

::-::



..-. '- r." ,r,,

r-.L

1 - . 1

,-..-

'- k2-X.bi/ /7,44~

%--1

,.... - .:,. . .. ,--.

o -

* " - 4. * ' * . 3

. .. . . . . . . . .



' .. I Lw

_ _ _ _ ' 0"-:v (. Id

7 /3

I ~~~I 1 (,',
It, _LI 7 F,!/5" '

,< 7x. < ,.,

- . ,; - o 3,e , _

.. A .

4 !4

~... ........... , / /

,111 A- --

E-/!f

:' ,: .' ': :, " -" ." : "4-7 0.: ' o-: : : ' : .' -' ' "' ' ' ': .: : : :" " : " " ' ' " ' " " " ' : " " ' ' - - ' - - , " .- " -' ' ' " " -, " " " ,



1

V ~ I 44 L t,4 1,A V

0.L . 6 7 1hJP{I-

:7 A/441- 1r L I"



3143
23 February 1932

CO 1ENTS ON CHESAPEAKE DIVISION TOLERANCE ANALYSIS

OF BSURE CABLE TERV.INATION SEALS

1. Possibly due to a lack of familiarity with the BSURE connector,
several errors were made by CHESDIV in their analysis of the BSURE
Cable Termination Seals.

1.1 MORRISON SEAL NO. 30

1.1.1 CHESDIV page . of 29: Seal No. 30 is 0.37 inches long not 0.36.

1.1.2 CHESDIV page 3 of 29: Two dimensions were called out on the
drawings as basic and are not subject to tolerances as shown here.

1.1.3 CHESDIV page 3 of 29: In computing the minimum cavity length 0.1
inch was not added into the computation.

1.1.4 Delco pace 4 shows a final possible interference of 0.003 in3 A
This is from a tolerance build up on six dimensions. A condition that

or would be present 0.0002% of the time. The Delco analysis shows the
-.- corrective steps that will be taken to eliminate even that remote

possibility.

*1.2 O-RING SEAL NO. 29

1.2.1 a. CHESDIV page 5 of 29: Dimension 0.045 should be 0.055,
dimension 0.143 should be 0.153 for max condition, and dimension 0.14
should be 0.138 for maximum condition.

1.2.2 Delco page 3 shows a 0.001 inch exposure of the O-ring groove

beyond the level under worst tolerance case. They will increase -he
sealing surface on the gimbal by .01 inch to preclude this problem.

1.3 MORRISON SEAL NO. 26

1.3.1 CHESDIV page 9: The wrong backup seal ring was used in this
analysis.

1.3.2 Delco page 2: Shows *dequate gland volume for the seal. No
Achange to be made.

1.4 MORRISON SEALS NO. 14 AND 20

1.4.1 CHESDIV page 14: The 7563620-002 seal is not used in this assem.b-7.-

1.4.2 Delco pace 1: The seals could overlap into their tapered areas.
The terminator end has been lengthened and the 7563617 nut is shortened
to eliminate thene problcms under worst case tolerance conditions.
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Technical Note
No. 3100-3-81

FOR EWORD

This documnt was prepared to provide information on the failure modes of the
- "- BSURE plug in cable connector sealing system and the effects of those failures on

' the BSURE system.
L

Prepared by: __ ,''"' ,Robert Po IIey

General Engineer
-- Physical Systems Branc

Reviewed by: 7
R . A. Bondelid
Head, Physical

Systems Branch

Reviewed by.
*.Cott

Head, Measurment
Systaus Division

Approved by: __ _

%W. R. Hattabaugh1
Head, Range

. Development Departmen

This document has been prepared for information purposes only. It does
not necessarily represent the official position or conclusions of the Comnander,
Pacific Missile Test Center (PAC4ISTESTCEN), and the Commander, PACISTESTCEN,
is not responsible for any action as a result of information contained herein.
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1.. Introduction. This report presents the Failure Modes and Effects Analysis (FM
performed on the seals of the in-water equipment of the Barking Sands Underwater
Range Expansion (BSURE) System. The FMEA is done in accordance with Task 101 of
MIL-STO-1629A with the following exceptions: The FMEA is done only for the seals of
the cable connector, Terminal and Transmission Unit (TATU), hydrophone, and tether
cable. The identification numbers do not follow MIL-STD-780E but follow the 1970
version of MIL-STD-1629 and the FMEA worksheet format is simplified.

2. Summar . Appendix A presents sketches of the sealing system based on the BSURE
as-buiit drawings of 1976 and the cable connector drawings of 1981. Appendix B
presents the FMEA based on the sketches of Appendix A. Appendix C is a cross index

* of identification numbers to Delco drawing numbers. Appendix D presents schematics
of the sealing systems with the seals shown as a series of barriers.

3. Discussion.

3.1 Environment. The in-water units operate in sea water at a depth of 15,000
feet. They lie on the bottom ' n basalt rock and a thin layer of sandy mud. The
temperature at that depth is 3 C. The units are installed from a cable ship. The
maximum expected tensile loads during deployment are from 5,000 to 8,000 pounds
at the surface, gradually decreasing to zero at the bottom (the cable is layed
with 4% slack.) The maximum torsional load expected is 2 to 5 foot-pounds. The
TATU will experience a minimum of 180 rotation depending on the swing of the cocoon

T -_ and the waves. The maximum temperature of the surface is 320C. However, the TATUs
are stored below deck in air-conditioned spaces and are only in the sun a short
time.

" 3 3.2 Parts Qualit. All parts are 100% inspected for defects and deviations.

3.3 Testing.

, 3.3.1 Metals. All metal housings are helium leak tested.

1 3.3.2 Seals. All assembled seals are helium leak tested except those in the
cable connector. Those are tested by vacuum.

3.3.3 Assemblies. All assemblies are pressure tested at 30C and 7,500 psi for
V~ -.,two hours with the exception of the cable connector.

4. Failure Definition.

4.1 Failure can occur such that the individual TATU no longer works (e.g., the
hydrophone tether cable parting) but the rest of the string that it is in still
works. This failure is non-catastrophic and the system will still function but
in a slightly degraded mode around that TATU position.

:- 4.2 Failure can occur such that the individual TATU no longer works (e.g., a

short in the cable cnnnector) and the string seaward of its position no longer
works. This failure is catastrophic as the entire string will eventually be
shut off.

'.'" F-4&



4.3 Failures other than the TATU seals are not addressed in this FMEA. The
mechanical hardware has been proof-tested (i.e., installed) at 15,000 feet for
five years. There have been no problems with any of the electronics in the
TATU or the shore system. There have been no problems with deployment of the
TATUs, the hydrophones, or their tether cables.

5. Failure Modes

5.1 The Primary Seals of the BSURE TATU connector are the two seals at either
end of the strength terminator. As primary seals, they are the only seals that
are operating under the full ambient load for the life of the connector. The

.' ..- primary seals are the only seals in the connector that operate under full load
*:. (7500 psi) for 20 years, the rest of the seals in this connector are pressure

balanced, that is the pressure is the same on both sides of the seal.

5.2 The intrusion of sea. water into the connector is only possible if one of the
primary seals should fail or if there is some porosity in the strength terminator
or inner copper jacket outside of the primary seal. If either of the primary seals
should fail then the gtmbal housing would be forced 0.awn by the outside sea pressure
and oil would be pushed into the voids in the strength member of the SO cable. The
amount of oil that could be pushed out would be small, on the order of 40 - 50 cc's.
The connector however would still be oil filled and no sea water could enter the cable
at this time. However, the load is now taken by the secondary seals, the o-rings
(10.21) and the fill plug (10.22). Although the connector is now considered to be
operating at a degraded mode in that it is not operating at its full design capabilit
it is working as the old USURE Terminator was designed to work. The secondary seals
of the new connector are the same seals that were operating as the primary seals in
the old connector design. As that design was made with a 20 year life this implies
that the secondary seals of the ne connector should have a 20 year life if they
are ever called upon in the event of a primary seal failure. In this condition
(primary seal failure)' the connector is still filled with oil, there has been no
sea water intrusion and the connector will still function as intended. In the
event that the secondary sealing system failed sea water would not be present in the
connector. The tertiary seal would take the full load and likewise be good for 20

• years.

5.3 In the event of outer cable jacket failure there is no degradation of the
*- connector. If during recovery the cable is cut down into the center conductor the

center conductor will be flooded; however, this cable can be used for re-installation
because the present system is capped at the strength terminator and pressure balanced
so that water can't be forced up the cable into the connector. It is interesting to
note that once the cable is flooded the connector is now truely pressure balanced.
That is, the primary seals are no longer loaded. Thus, no driving force can be
developed to allow the intrusion of sea water into the connector.

6. Reli:bllity Block Oiagram Explanation

,' 6.1 Some ex-lanation is required to view the reliability block diagrams (Appendix B)
in the proper light. Each of the blocks represent a particular physical part in the
seal system through or around which a leakage could take place. The reliability block
diagram has to be reviewed with the sketch of the particular seal system to sea

t where the leak paths could lie. It must be remembered that the leak paths are not
only between the interfaces of the parts but could also be through the parts themselve
due to porosity or pinholes. For example, at the interface of the first seal of the
connector (10.02), with the housing (10.01) and the cable (10.03), the leakage could
not only be at the interfaces but through the parts themselves. This can be more
clearly seen in the schematic diagram in Appendix D.

F-5
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In order to develop the reliability equation careful accounting must be taken by vie-
the sketch of the area of concern as well as the reliability block diagram. A careft
design analysis must not only pay attention to the piece parts but also to the suppl
the system quality control, quality control of piece parts and the assembly of those
parts.

7. Design History

- - 7.1 The original BSURE cable termination was designed to be a non pressure balanced
connector, that is the oil on the inside would not be at the same pressure as the sea

:L water on the outside. All the pressure would be held by the CuNi outer shell and the
seals. The original BSURE termination was extensively tested in the laboratory under
pressure and under tension, even going so far as to install two TATUs and one repeate
in the ocean near Point Mugu. When the TATUs were installed at Barking Sands, how-
ever, several problems were encountered causing the loss of several hydrophones.

- Upon examination of recovered BSURE hardware, these problems were classed into two
categories; One, a cable termination pull out and two, leakage. It is felt that
both of these problems have been solved. The cable termiration pullout problem has
been solved through extensive testing in the Materials Laboratory at Point Mugu,
bringing about the development of a new epoxy-mica mixture and a redesigned strength

Go; termination tube. The leakage problem has been solved by the redesign and testing
of the sealing system for the SO cable. None of the other seals in the BSURE connect
system have shown any indication of failure in any of the recovered hardware to this
date.

7.2 A second termination design was used to terminate the anode to the SD cable
for the repair of A and B string. The major changes were that the cable connector
was allowed to float, so that its interior cavity would be pressurized, also the
ground pin and high voltage pins were coated with RTV silicone rubber to isolate
them in the unlikely event of salt water intrusion.

7.3 When the Underwater Conunication System Termination was designed this idea was
carried further. The sealing system for the SDcable was redesigned along the lines
that had been proven in seal testing at Delco, the new strength terminator was used
along with the mica mixture. The coil cable assembly was still retained but oil
filled silicon rubber boots were placed over the ground and high voltage pins rather
than trying to coat RTV silicon rubber over them. This design also used the floating

- "piston effect to pressurize the internal cavity of the connector.

7.4 The present BSURE termination design builds on all these ideas proven in actual
installations and extensive laboratory tests. It is a pressure balanced design.
However, instead of using the coiled cable assembly it uses the housing itself to
carry the electrical ground and a redesigned center contact to car-y the high voltage

' -relying on Multi-Lam contacts to provide a reliable contact thru the sliding connec-
t* tion. The same design concept used in UCS and proven in the laboratory test fixture

is used to seal the SO cable entry into the connector and the concept of isolating the
high voltage from the ground, is used. Thus, it can be seen that the present BSURE
cable connector design is not a new group of untried components but is the result of
a gradual evolution from one design that nearly worked, to a design that has been well
proven both in a laboratory ocean simulator test chamber and by installation in the
ocean at Barking Sands.

~"f

1 Robert Polley, "SO Underwater Cable Strength Termination Design and Testing,

No 3100-1-81 Capabilities Development Department, Code 3143, Pacific Missile Test
Center, Point Mugu, CA.
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"o.l10 - Connector with Cables
i Bl1ock, 0 1 co

Diagram Orawing Sketch
Number Number Nomenclature Number

10.01 7554742 Housing, Termination 9
10.02 7563536 Seal, Cable Sheath 1
10.03 7563758 SO Cable Inner Polyethylene 3U 10.04 7557344 SO Cable Outer Polyethylene 3
10.05
10.06 7557344 SO Cable Inner Copper Jacket 3
10.07 7564139 Seal, Cable Sheath 2
10.08 O-Ring 5
10.09 7564131 Load Bearing Plata 6
10.10 O-Ring 4
10.11 O-Ring 12
10.12 O-Ring 13
10.13 7564142-001 Band Seal 19
10.14 7564142-002 Band Seal
10.15 7564147 Female Isolation Tube 22
10.16 O-Ring 23
10.17 O-Ring 24
10.18 7564146 Male Isolation Tube 25
10.19 7564138 Seal, Intrcon Termination 26
10.20 7554589 Gimbal Boot 17
I0.2:1 0-Ring 16
10.22 7554770 Fill Plug 28
10.23 7554595 Gimballed Housing 31
10.24 7554776 Intcon Cable Boot 35
10.25 O-Ring 15
10.26 7554595 Housing, Gimballed 31
10.27 7554771 Spool, Cable 32
10.28 O-Ring 3410.29 O-Ring 33
10.30 7554775 Seal, Core 30
10.31 7556676 Core Intcon Cable 36
11.11 7564127 Terminal Intcon Cable 37
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20- TATU End Cap

Block Oelco
Oiagram OraW'tng Sketch
Number Number Nomenclature Number

20.01 7554588 Boot, End Cap 6
20.02 7554590 TATU Housing 3
20.03 7554593 End Cap, TATU 2
20.04 7554589 Gimbal Boot 17
20.05 0-Ring 20
20.07 0-Ring 21
20.08 7555423 Feed Thru, Terminal 5
20.09 7555424 Bulkhead 4

-20.10 7555356 Feed Thru, Terminal Pin 9
20.1 U0-Ring 2
20.12 0-Ring 34
20.13 7554771 Spool, Cable 32
20.14 7554776 Cable, Boot Intcon 35
20.15S 0-Ring 33
20.16 7554775 Seal, Care 30
20.17 7556676 Care, Intcan Cable 36
20.18 Blank
20.19 0-Ring 19
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30 - TATU End Cap, Tether End

Block Delco
Oiagram Drawing Sketch
Number Number Nomenclature Number

K.- .i30.01 7554590 TATU Housing 3
30.02 7554588 Boot, End Cap 6
30.03 7554594 End Cap Tether z
30.04 7554589 Gimbal Boot 17

- 30.05 7555355 Boot, Lower Tether Cable 41
*-.:.30.06 O-RIng 19

30.07 7554770 Plug, Fil 8
30.08 O-Ring 20
30.09 7554590 Bulkhead 4

- 30.10 7555349 Feed Thru Terminal Insulator 13
30.11 7555356 Pin, Feed Thru Terminal 14
30.12 7555356 Pin, Feed Thru Terminal 15
30.13 7555356 Pin, Feed Thru Terminal 16
30.14 7555423 Insulator, Feed Thru Terminal 5
30.15 7555356 Pin, Feed Thru Terminal 9
30.16 O-Ring 21
30.17 O-Ring 22
30.18 7554776 Intcon Cable Boot 35
30.19 O-Ring 34
30.20 7554771 Spool, Cable 32
30.21
30.22 O-Ring 33
30.23
30.24 7554775 Seal, Core 30
30.25 7556676 Core Internnect. Cable 36
30.26 ES1281 Hydrophone Cable C
30.27 7554781 Seal, Tether Cable Core 40
30.28 7555357 Seal Tether Feed Thru 44
30.29 ESL281 Hydrophone Cable Wire C,
30.30 ESL281 Hydrophone Cable Wire C2
30.31 ES112US Hydrophone Cable Wire C3
30.32 7556497 Plug, Tapered Alumina Ceramic 45
30.33 7555607 Pin Feed Thru 46
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40 - Hydrophone and Tether Cable

Block Delco
Diagram Drawing SketchNumber Number Nomenclature Number

40.01 7554814 Hydrophone Boot, Outer 11
40.02 7555353 Hydrophone Base 4
40.03 7555355 Boot, Lower Tether Cable 41
40.04 7555354 Boot, Upper Tether Cable 51
40.05 7554813 Hydrophone Boot, Inner 10
40.06 7555352 Hydrophone Support Element 14
40.07 7556984 Seal, Tether Cable Core 3
40.08 ES11284 Cable, Tether C, C1 ,

C2 , C3
-- 40.09 7555608 Pin, Feed Thru, Sholder 7

40.10 7555357 Seal Tether Feed Thru 8
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- 5 NOV 1981
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I.

.TTES OF BSURE R-PL .C -- PRELII =NARY DESIG, REVI7EW E G . ..

SThis eei' - was held 17-?_ N.vember 1981 at %AVA. E azquarters. At=achments
(1) and (2) are the revised agenda and list of attendees, respectively. Status
of preliminary design analysis of Terminal and Transmission Units (TATUs), sea/
shore interface, contract status, and hydrophond spacing were presented by
CHESNAVFACENGCOM (CHESDIV), NUSC, and PACMISTESTCEN (PMTC). Design, analysis

'is continuing and will be presented at the next design review meeting on
13-14 January 1982.

2. LCDR M. Praskievicz (CHESDIV) presented the status of the sea/shore interface
investigation. BARSTUR hydrophone, BARSTUR UQC, BSUE hydrophone, and BSURE UCS
cables are in jeopardy of failing because of surf damage. CHESDIV will submit
a formal report and a proposal recommending a FY-82 short-term repair and a
long-term repair after further investigation of courses of action.

3. Mr. R. Cox (CEESDIV), as the design analysis team leader, described the
objectives of the analysis. The presentations that followed reported the status
of the analysis.

4. Mr. R. Polley (PMTC) presented a history of the TATU design. Vugraphs and
some actual components were displayed while the evolution of the design from
initial design to the latest redesign was described.

S 5. Mr. R. Ricci: (NUSC) reported on the documentation search conducted at PMTC
in early November. There was insufficient time to find, review, and copy all
the documentation desired by CSESDIV and NUSC. Concern was expressed about
the currentness and completeness of the drawings. An additional concern was
that documentation reflects that quality assurance would be completed by Delco
with little Government involvement.

6. CRESDIV and NUSC representatives discussed the results of the review of
drawings and specifications. CHESDIV did a worse-case tolerance analysis and

- found that tolerance build-up could prohibit assembly in one case. All 0-rings
would be compressed 25 to 50% (industry standards are 17 to 24% compression)
but no problems are foreseen. No other obvious deficiencies were found. Of some
concern to the investigators was a lack of access to the TATU basic design
philosophy. Unfortunately the investigators do not have access to the chief
designer of the TATU.

7. CHESDIV and NUSC presented results of independent reliability analyses and
a review of the preliminary FMEA. Both activities identified lack of empirical
reliability data for static seals. Both activities derived equations for the new

" and old TATU designs and, given hypothetical failure probabilities, arrived at
similar results. Their results show, if one assumes each seal has a probability
of failure of .10 and all seals have the same probability of failure, the
reliability of the new design is greater than 100 times better than the old

S design. Past failures have been caused by unanticipated problems during assembly
of the TATUs. These known problems have been eliminated in the new design but
a QA program and environmental testing are required to reduce the chance of

. other assembly problems causing a failure.

G-3
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8. Mr. Mike Hc (PMTC) repor:e- orn studies done to est:.i:' a four-mile h,'d- -- =

s e- aro n. represe- _-;r_- feel me nee
spacing will provide a tracking area of 1,000 SNM with 18 hydrophones. Scenarios
were shown where tracking would not be compromised between the strings by loss

of any one hy drozhone. A docunenred investigation will be acconplished when a

definite replacement program is identified.

9. Mr. G. Nussear (PMTC) reported on the status of the refurbishment contract
with Delco. A list of configuration of deliverables were described.

10. The status of the design analysis objectives were discussed by all participants.
The following is a summary of the objectives and comments:

SD
A. Determine whether the new US44e -. termination design is worthy of

manufacture.

sound. A-I The Analysis Team agrees that the design approach is fundamentally
"" sound.•

A-2 The Analysis Team showed the new design is capable of a significantly
higher reliability than the old design and the team will develop tests to verify
reliability.

A-3 The Analysis Team did not receive the latest drawings. When the
latest drawings are received the team willdetermine whether inherent capability
of the new design has been achieved through adequate design particulars as
expressed in drawings and specifications. Tolerance analysis needs to be done.

A-4 The Analysis Team agrees that the design is well within state-cf-
the-art manufacturing techniques and practices.

- A-5 The Analysis Team will determine whether design is conducive to
acceptance of individual parts through parts inspections when the latest drawings
are received.

A-6 The Analysis Team has not seen assembly procedures to determine
IR whether the design is conducive to evaluation test at various levels of assembly.

A-7 The Analysis Team determined that some development tests have been
conducted but an integrated test plan is needed.

" . A-8 Whether the design is overly sensitive to the skill level/motivation
of the assembly personnel has yet to be determined.

" "A-9 The Analysis Team will investigate, including checking with NOS

Indian Head, whether the design is conducive to accelerated life tests.

% B. Determine whether Delco should be the Manufacturing contractor.

B-1 The Analysis Team has no reservations about Delco.

B-2 It is presently unknown what the impact is if Delco does not provide
follow-on support after this manufacturing effort.

G-4 Enclosure (1)



C. Deter.nine wha- addic-'- measures shculd be taker -- assure vrcr.r -j success.

C-1 The Analysis Tear- will continue to provide technical support
throughout the program.

C-2 Special quality assurance plans/procedures should be developed/

implemented.

C-3 An integrated tes: plan sh,tld be developed/i-plemented.

C-4 A Level III drawing package is tot required from Delco. The next
contractor will formalize drawings if requircd.

C-5 A quality control and test organization/contractor is required for
program success and continuity.

C-6 The Government should participate in, or be involved with, the Delco
." configuration management plan as much as possible within contract allowance.

11. The following action items were assigned:

* a. PMTC to deliver final build-to-print drawings to CHESDIV and NUSC by
1 December 1981.

Ub. PNTC to obtain assembly procedures and tolerance analyses from Delco
Electronics.

c. CHESDIV to ioordinate production analysis.

d. NUSC to investigate NOS Indian Head capability to define and conduct
accelerated life tests on underwater systems.

12. A critical design review meeting will be held at NAVAIRSYSCOM on 13 and 14
January 1982. Subjects to be discussed are:

a. Status of existing Delco contract.

b. Statement of Work for renegotiated Delco contract.

c. Final report TATU FM&EA

d. Status of design analysis, tolerance analysis, quality assurance plan,
integrated test plan, and accelerated life test technique search.
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PRELIMINARY DESIGN REVIEW OF SD TERMINATION (11/17/81)

INTRODUCTION (NAVAIR)

SEA/SHORE INTERFACE STATUS (CHESDIV)

DESIGN ANALYSIS OBJECTIVES (CHESDIV)

SD TERMINATION DESIGN HISTORY (PMTC)

DESIGN DESCRIPTION AND THEORY OF OPERATION OF NEW SD TERMINATION AIDED
BY ACTUAL TERMINATION COMPONENT (PMTC)

RESULTS OF OCT 20-23 DOCUMENTATION REVIEW (NUSC)

CURRENT RESULTS OF DRAWING/SPECIFICATION REVIEW (CHESDIV/NUSC)

RESULTS OF FOLLOW-ON F-A (NUSC)

CURRENT RESULTS OF RELLABILITY ANALYSES (NUSC/CHESDIV)

RESULTS OF HYDROPHONE SPACING INVESTIGATION (PMIC)

STATUS OF REFURBISHMENT CONTRACT (PMTC)

STATUS OF DESIGN ANALYSIS OBJECTIVES (CHESDIV/PMTC/NUSC)

FUTURE PLANS (CHESDIV)

OPEN DISCUSSION AND DETERMINATION OF ACTION ITEMS
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17 November 1981

l NAME ORGANIZATION PHONE

JOE CJLVER NAVAIR 6303D 202-692-9182

DON WITKOS NUSC 38214 401-841-3415

ROBERT RICCI NUSC 38214 401-841-3415

MIKE DI LEO CRC 703-841-1445

FRED BALLINGER PMTC 0143 AV 351-8331

GEORGE NUSSEAR PMTC 3144 AV 351-8904

ROBERT POLLEY PMTC 3143 805-982-8904

MIK HO PMTC 3144/PM.F 808-335-4330

DICK CRANGLE NAVAIR 6303 202-692-9182

, - JOHN CHASTAIN SRI 703-524-2053

DAN ERWIN SETAC 703-820-9400

JIN HOYE VSE 703-979-4900

JIMMIE MARTIN CHESNAVAFC 202-433-3881

ROBERT L. COX CRESNAVAFC 202-433-3881

R. CLARK SETAC 703-820-9400

M. PRASKIEVICZ CHESNAVFAC 202-433-3881
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qAPPENDIX H

RELIABILITY ANALYSIS AND INTEGRATED

TEST PROGRAM FOR THE BSURE TERMINATION

SPrepared for

Naval Underwater Systems Center

Newport, RI

I

Under Contract

N00140-81-D-BB34

Columbia Research Corporation

Arlington, VA
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Under COntract Numher '100140-8!-0-RB34 Columbiia Research Cor,ration (CRC)
coneucted a reliahilitv analvsis of the newiv esigned termination unit used:n the Barkinq Sands UndervatRr Range Exoansion BSURE) refurbishment pro-
gram. n addition, CRC developed a test crogram desicned to orovide assurance
that the termination unit will Ne caoable of fEuctioninq, maintenance free,
for a oceriod of twent veers. CRC's effort focused on the fluid seals of thetermination unit (Morrison seals and O-Rings in a series-carallel configura-
tion). As oart of the reliahilitv analysis CRC develoced a mathematical model
that Oredicts the Performance of the termination unit sealing svstem as a
function of ccmonent reliahilitv. 'he test croqram is designed nrimarilv todemonstrate the reliability of the termination unit sealing system over the
designed service life of the 3SURZ svst-_.

This recort is Aivided into five sections. Section . is the Introduc-
tion. Section 2 is the Design Desnrition and contains backqround informationon the ASIM systsm and a descriction of the original and the new termination

- unit design. Section 3 contains the Reliabilit? Analvsis; Section 4 orovidesa series of recomene tests for the New Desian; and Section 5 contains Con-
elusions and Recommendations.

.'H
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2. F)ESZGN DEn SCRIvd yte dsgnd ofucto

T 0he o ose of the ISUR refurbishment Program is to reolace the existing
3,UR in-water svstem with an rmrovti svstem desiqnei to funtion
maintenance-free for a oeriod of twentv years. An imoortant asoect of the
relacement system is a newly desicned termination unit that orovides sianifi-
cantlv imcrod sealing capabilities. As originallv designed, the termination
unit does not orovide adeauate orotection against seawater entering through
the cable core or sheat.h when the insulation jacket is cut. The new design
developed and tested by Delco Electronics, Santa Barbara has been shown to
Protect against these conditions in laboratory simulation tests. ?igures 1-1

I, | and 2-2 are cosu-sectional view of the original and new termination unit
desians, resoectiveiv. The new design has three features which constitute a
sianificant imarovuent over th original design. These features are:
concentric electrTical feed-throuqbs, redundant seals, and Pressurized oil
cavities.

In the original design, the coocer ground sheath is attached to an off-
center Pin connected to the termination housing hulkhead through a Morrison
seal. A leak oath developed through this Morrison seal as a result of torcue
that is normallv experienced by the unit. This toraue causeA relative rota-
tion between the tw termination unit sections which in turn caused the oin to
move hack and forth inside the MorrTison seal. The Mor:ison seal then dove!-
ced a leak alonq its interface vith the pin causing failure of the termina-
tion unit. In the new design, the eccentric lin is eliminated bv removing the
cuter Insulating jacket of the SD cable where it enters the termination unit.
'"he coe*r around sheath is then folded back and clamoed to assure reliable
grounding of the termination hcmtsinq without Penetration of the Morrison seal.

The new design is intrinsicallv more reliable than the original design
*. .. because it incormcates redundancv to obtain improved sealing characteris-

tic. In the oricinal design, failure of a single seal can result in failure
Of the termination unit. Tn the new design, it would take a failure of at
least three seals to cause failure of the termination unit.

.n both the original and new designs, the termination unit interconnect
-ousing is .ille with castor oil. The new design, however, orovides a mech-
anism for the oil cavities to be Pressurized to the ambient pressure thus
rewucina the oressure 4ifferential across all seals to zero. The oil-.ileki
termination is oressure-halanced bv means of a Piston and cylinder mechanism
incoroorated into the design. An air cavity exists within the cahle core, the
"ifferential oressure hetween the ocean and this cavity (which is at atmo-
soheric Pressure) tends to drive oil into the cable intersticies. A Morrison
seal and a can seal orevent oil from leakina into the cable.

Pigures 2-3 and 2-4 show the termination unit assembly cunoonents, and
Table 2-1 identifies these components by number, name, material, and func-
tion. In Figure ?-4 the termination unit is color-cofed to identif-, various
.eatures of the desian. Shades of red, blue and trey corresmond, resoec-
tivelv, ,with the oaths of high voltaqw, around and isnlation.

As shown in Figure 1-3, the termination unit cenrists of two mating assem-
lhieR: an SD cable termination assemiblv and a qimhal assembly. Tn this

ficure, the 1D cable enters the termination hc -eing from the left. The outer
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7%ABLE 2-1
E!MNATION MN!? =COPN!J1"M

FZG. 2-4
IDSW'r.

WOE IMXNLAY'u M4TERIAL FONC"ION

1 Mrzisen Seal, Cable Sheath~ Silicon Seconeary sealina, termi-

CMorrisoin Seal, Cable Sheathi Butvl Secondarv sealing, termi-
nation housing-to .
wolyeth~lyn* sheath

3 SD Center rnsulation Polvethzelyn* Multiplex signal carri er

4 O-iz utVl Seal, fiberqlass-to-
zolvethelynt sheath

0-RngButyl Seat, housinq-t*-
f iberqlass

*4 Load Bearinq rnsu.lator Ev~oxv- Encases and isolates load
Piberglass beatinq plate from qround

*7 O-Riq ButvI Seal, load bearing plate-(1 to0m=lvtheJ~vn* sheathi

Load Rearinq Plate Steel Asames axial loads
applied to TA?',,r

T ermuination ffousinq Cou=er Nickel Encasement and around
Bervlium conductor

10 CmrssiOn Fitting co)r Secures hiah-tension
cocer conductor to 'oad
bear inq plate

11 iqh-?ension Cable Cou=er Multiblex Signal Carrier
Conductor

1 2 0-Ring Butvl ?ertiarv seal, load
bearing insulator- to-
tertiarv Feffale
insulator Tube (Flr)

1.3 0-Ring 3utvI Real, load bear Inc

14 Morrison Seal BUtvl Prizaz's seail, hlocks oil
passage into eahlq core

UH- 10
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TABE 2-1
T!RMINMfON UNIT' C0!.PNE4-S ('Colt-1)

?TG. 2-4

%ABE ___________MAMMA FrJMCI'ON

15 O-Ring Sutvl Secondarv seal, ter-mina-
tion housing to gimbal
housing

i6 O-Ring Butvl Secondary seal, termina-
tion housing to gimbal
housing

17 Gimbal Root But~V ?lexihle ruhber bellows
covering gimbal Joint

gtxenqth Terminator Steel aEPOXY Potted cahle core
termination

19 Female Isolation yonbo $ilicone Fluid oressure equalizer
SFIT? Sand Seal slastg.mer and conductive oath seal

between oil cavities

20 Morrison Seal Butvl Primazrv seal

21 Mal* Isolation Zub (. Silicone Fluid pressure equalizer
Band Seal _.lastmer and conductive path seal

between oil cavities

. 22 FMale Isolation Tuh* (F"r) PVC Termination housing
center contact isolator

23 Male Isolation "ube (MI-. 9utvl Tertiary seal, MIT-to-FTI

O-Rin-

4 % 0-Rina Butyl Tertiarv seal, TT-to-E'T

25 4ale Isolation Tuhe MP? 1 p7C Gimbal housing center
contact isolator

Interconnect Termination suevil T.rtiarr seal, "-.to-
Seal interconnect cahle

""7 Uaer nit Co3er Nickel To retain interconnec(t
Berviliwu cable termination

7q Oil-Pill Plug Co=er ,ickle Oil-fill and
"ressurization

Bo-Rin1 3ut il Seal

H-I1
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TABLE 2-1
'"MM'ION UNIT COIQCNEN'IS (Conte)

71r. 7-

30 Core Seal Butvl Secondary seal, cahie
30o01- to- interconnect
cahle

i. Giinballed Kousinq Covoer Nickel ?lexihle jc,±nt-to-end
Bervllium cap assembly

32 Cable Socol 7030 Cmoer Interfaces the cable
boot and the interconnect
cable terminal

33 0-Ring BUtvl. Secondary seal, ca&%le
0oo1- to-qimbal neck

34 0-Rinq ButV1 SecondarV seal., cable
=ool- to-qimbal neck

IS nterConnect Cable qoot But7l Prov~ides secondar"
seal. beOt~,e the cable
wmool. an-1 the qjmbal

Interconnect Cable Care Cooer Connects interconnect
cable core to the ter-
mination unit

17 nterconnect Cahle Terminal Coooer T'erminates conductor

H-12
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sheath is removed and the cowoer ground sheath is folded hack and clamc.ed.
Seawater is in contact with the cable sheath at this ocint. An underlying
O"lvethelvne Mialectric orotecting the signal carrier is passed through a cair
of Morrison deals secarated by castor oil. The oolvethelvne dialectric is

.I then massed through the load hearing insulator and terminates within the load
-hearinq Plate. At t2e termination of the polyethel-ne dialectric the high-
voltage co ,er sheath is exposed and secured to the load bearing plate via a
comer cOMoression fitting. An electrical conduction Path is established

. through thi3 fitting, through the steel load bearing 'elate and then through
the strength terminator encasement to the center contact. This contact is
achieved through use of a Multilam Hand (see accomoanving detail in
Figure 2-3), designed and Patented bv Brown Boveri Co. of Switzerland. The
Multilam Band is a flat hand formed into a cvlindrcal shape frm heat-treated
and g old--Jated bervlium copper. The material is Processed to rovide multi-
ole louver-shaved sucing contacts at the mating interface. Thus, a highly
reliable elastic connection is formed with multiale-line contacts ocerating at
thousands of Pound e or scmare inch.

The termination unit Provides a mechanical connection between the SD cahle
and the ?AI housing. Axial strength is required during deployment ooerations

, -~to sua=rt the cable in 15,000 feet of water.
6-

W en the tw assinhlies are mated, an electrical math is commleted through
the q4jfihal center contact and out through the core of the gimbal interconnect
cable into the 'XAT housina. The assembly ring secures the two termination
unit assemblies and Permits relative linear notion to achieve Pressure equali-
zation. The male and female isolation tubes (M".s and MrTs) are designed withI" D and seals which Permit Pressure equalization between the t'o oil cavities
while Preventing an eleatzical oath to be comoleted between high voltage and
ground'. The outer gimhal boat is also oil-filled.

.1
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3. REZIABILITY ANALYSIS

CM conducted a reliability analysis of the termination unit. Tn this
ge analysis reliability equations for the new and original termination unit
U designs wore developed from system block diagrams and success state tables.

The equations were solved for hypotheti=al reliability values of Horrison
seals and O-rings. A comparison of the reliability performance characteris-
tics of tne new and original designs was then made. This comparative analysis
confirmed the superior reliability performance of the new design. The details
of the reliability analysis are presented in this section of the report.

* .. 3.1 A!ssumpion

.:-" K Due to the lack of applicable reliability data for elastom eric seals, the
* foLlawlng simplifying assumptions are used to govern the approach of tW

reliability analysis:

(1) Constant Pailure Rate for Morison Seals and O-Rinos. The first
assumption made for this analysis is tbat Morrison seals and 0-rings have a
constant failure rate. This assumption is frequently employed in reliability
analyses and very little error is caused by its use. This assumption simpli-
lies the mathematics and allows the use of the equation:

-"'- -. R ,, • - \t

where R a probability of survival, (dimensionless)
X a the constant failure rate, (hrs 'I)
t a time (hxrs)

E e - 2.71828, (dimensionless)

(2) Identical ?ailure Rate For All Seals. The second assumption is that
all seals, orrison seals and 0-rings, have identical failure rates. This
assumption was made because actual failure rate data for these components
could not be located. Since there are similarities in the design, elastcmeric
composition, applic.tion, and environment of both Morrison seals and 0-rings,
and since both the new and original design employ both types of seals, it
appears that this assumption is valid for a comparative analysis.

(3) Negligible Zffects Due To The Oil. In this analysis the effects of
castor oil on the failure rate of the seals have been neglected. It is gen-
erally believed that the use of oil in the new design will have beneficial
effects on the reliability of the termination unit. In the new design the oil
is pressurized to ambient causing a zero pressure differential across the
seals. The reliability analysis neglects this effect. It is therefore felt

" - that the actual reliability performance of the new lesign might be betta. than
predicted.

3.2 Comzarative Reliability Analysis

At the b einning of t he reliability analysis, failure rate data on
O-Rings and Morrison seals was not available and therefore an accurate
predictiu. of termination unit reliability could not be made. 1i the absence

" of this data, it -,as decided to conduct a comparti've analysis between the
ociginal termination unit design and the new design.

,. .H- 14



The first stea in conducting the comnarative relabilitv analvsis was to
"eveloco a block diagram. The block diagrams for the original desian and the
new 4esian had been zroeared by OqNAVFA GCjOM and PMTC. 7igure 3-1 shows
the block diagrams lor the original Aesian. Using this block diagram, all the
... sihle succeSS states of the termination unit "ere listed. A success state
is any condition in which the termination unit will function as recuired even
though one or more comnents have failed. All conhinations of failed and
functioninq cCmConents that result in svstem success cuvarise the vstem
succss states. These success states are shown in Ta.le 3-1. The letter *A6

.- in the table indicates that the Morrison seal at cosition A in the block dia-
cram is functioninq aroperIv. 'he 'A" in the table indicates that the Mori-
son Seal at cosition A in the block diaqram has failed.

The reliabilitv equation for the unit can be written directly from the
table of success states. his is accomlished bv writing a oroahilitv term
for each success state. ?or instance, the success state A B C 0 3 yields the
term X5. Similarlv tbhe success state A B F G C 0 2 vields the term
(L-lI. Adding all these terms gives the-ecuation shown in '"able 3-2. Substi-
tutina various values for X and solving for Rod (reliahilitv of original
design) gives the ?slues shown in Table 3-2. These values were then clotted
as shown in Piaure 3-2.

The same orocess was acc=plished for the new design. ?iaure 3-3 shows
the block Aiagram for the new desiqn, Table 3-3 shows the success states for
the new design, Table 3-4 shows the reliabilitv euation ,erived from the
success states, and Table 3-15 shows the simnlified reliability ecuation for
the new design and the reliabilitv values. Piqure 3-4 shows the commae3on of
original unit reliahilitv to new unit reliability. From this figure it can be

"* . seen that the new design is consiAerablv more reliable than the oricinal.

,o°. 7 .

S.d
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*TABLE 3-1
SUCCESS ST7ATES FO~R MM ORIGINAL !R.4NATION UNIT DESIGN

A B F G C D E
3- A a C 3 1 3 K

4- A r G C H1 I 7

3- A B c 3 1 L .7

4- A c F R I L .7 K

7- A 3 C 1 1 .7 m N K
8- A 1 G C a 1 3 4 M H K

9- A R I L .7 M N K

t- A S F G C R I L .7 M N K
1- A R C K . 0 N K

12- A a I' G C . 0 K
13- A B C 1 L .7 N 0

14- A a F G C R I L .7 m 0 N K
15- A a C af I .7 1 0 N p

* 14- A B I . ' 0 N P
17- A a C 9 1 L N7 M p
18- A 3 Fp a C KR L .7 m
19- A B C i .7 K P

'0- A a ? a c R 1 7 K pI21- A c C Lf
22- A a ? G C K L 1

A2 A Er C L I m J 4 K P
24- A 13 F G C K I L 37 14 K

A C if L 1 7 0 N K P
a F G C 3 1 L 7 14 0 a %1

-7A a C if m 7 1 N K p
28- A a p G C HR 4 N

'0-4-a~ea3States I tJhrouch 7S but rec1ace C vith 0.

35-91-game aS states 3 t% roic IS )nut tenlace C with T.
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* TABLE 3-
.RZL AB U.I" OF ?.R ORIGINAL DMSIO VS ES jzAL RELIAR LI Yj~

* R
X Rs od

.0 .0

.4 .0048

.5 .1.37

.9 .292

.7 .500

.9 .718

.82 .757

.84 .9

.88 .6

.90 .889

.92 .917

.94is

a.99 .9q

.999 .999

'L.0 1.0

R x 4 (I-X) a 6X '-X 3X (I-ci
*4X(-)+3 5 7 2 7 3I Xr.~ X(-X) + 9X (1-X) + 72'7x (1-C)

* QX7(IX * qX 7 (IX 5 *X7fIX 5 + Axq I -X

* x(L-XC + 4x a l-c) s + XI(IX
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TABLRZ 3-3
SYS.'! SCCCESS S'TA_' FOR TF 97--.4 DS Z GN

ma2A U E F G H
-A S U F G L Mq

5- A U E K iF G L M
6- A F G r N 47- A E K L N M
8A U F G r m a

9- A E K T 9 L "i 0
10A T F FG. r 'R m U P R
1-A E K Fr 9 L 11N 0 P Q R

12- A T T K s T V 7 H
13- A I T 7 S T U X V W G H
14- A U S T U X V W Y G H
15- A T T . S T U V w 7 G H
16- A U"S T U V V G L m
17- A S T U X V 7 G L MIS- A r T Z S T U X V W 7 G L M19- A U S T U V Wd 7 G r m
20- A " T 7 S r U V w G C N M
21- A T U " S T U x v w U L N m
22- A " U ' S T U X V W L N
r. - A U U K S T U .V w 7 G L' M
24- A U U P S T U V 1 G L M 0
25- A U U , S T U X V U U L M 0
25- A U E S T U X V U 7 L N 0
27- A I T T S T U V W 7 G -C 'R M
29- A T r 7 S T-U U r M 1 R
29- A U U " S T U X V U " L "9 ,M 0 R
3a- A T 7 r s T U x V W 7 U L N , 031- A T T 7 s r v W 7 G r Rf 4
32- A T 7 S T r U V G i33- A E S F S r u X-V W G H

34A U E F S T U X V W Y G H
35- A T E F S r U v w 7 G H
36- A E F S T U W . H37- A U K 7 S T U x V W G H38- A U K T S T U X V U Y G H39- A U U K S T V W 7 G H
40- A T F T U V W L M
41- A E I F S r u X V G L H42- A E T S T U X V W 7 G L M
43- A U E s r U V W 7 G r M
44- A U E F S T U V W L M45- A U U K F S r U X V G *L 14
46- A X S T U v V w 7 G L N47-I U K F M
IS- A T T U V U L M
49- A E T S T u x v 2 L N
SO- A E 7 F S r U X V. W L I N m
51S- A S ET U V w 7 G r~ NR
!2- A E F S T U V W * N M
53- A If U K F S T U x V U U L N m54- A T E K F S T U X Y W 7 L N .1455- A '1 7 K s 7 u v w V
56- A T T F U T U G r U4 LM1
57- A S T u x V W U L Ni M 0*58-A U E F S T U X V w 7 U9 L -,I m
ig A U E S T 'a 11 7 G 1C 7t m u50- A U E F s 7 U V w o
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SYSITV. SUCCWS STAM FOIR n- Nrf I EIGN (contdq)

61- A 3 E K F S r u x v w G L , m 0
62- A K ! K S T U X V W 7 L 77 M 0mm63- A I f K V S 7 U V W 7 G L 4 4
64- A I T F r v w L i , 0 I65-A S T U X V W L 4 N 0 R6- A E IF S T U X V W 7 L 0 R a R67- A E r SrT U V W 7 G W N T68- A E F S T U V W U C N M R69- A I E K I S T x V w 9 L 0 R70- A ! f K Vs S T U X V WY T L 'N R 0 971- A I T K V" S T U V W 7 r ' m

S teos 72 Thru 142, Reaeat S teas I Thmru 71 Reolacina (A) BY (AD)Steps 143 Thru 213, Repeat Steps I Thru 71 Replacing (A) By TAOIJ)

214- A 0 j S r u v U S C
219- T U 1 J S T U X V W s C
Hi- r s r u x V w Y 8 C217- U I S T U V W 7 a C
21a- r U S T U v' 8 E F G H1g-~ Ut I U S T U x V g B E F 8 H719- E F G HI r i v w T
220-A S T U X V W 7 B E F G H221- U " U S T U v w 7 8 F G H22- U I S T u V - 8 ' K F G H223- U I U S T U X. V V " E K F G H

S224- r V W E K G Hr S T U V W f F G225-i I s r u V v B U G L M227- S T U v
228- S T U x V W y229- S T U7 V w 7
230- A 0 I J S T U V 1 8 E K F G L M231- S T U X V -
232- S T U x v W y
233- S T U v w 7734-A 0 r J S 7 U V q B E F G L 4 m235- s - S u x v '-

T3- S 7 U x v W y
237- S r U v w 7
238- A I J S T U V 9 8 E K F G L N M.. i . 239 - -- S r U x 7 v-

240- S T U X V W y
241- S T U v w 7242- A 0 I J S T U V 8 E F. G L 4 N 0| - 4 -- -- S 1" U X V g -
24- S 7 u x v w '

'45- S U U v w 7246- A 0 J S T U V E B C K F G L ,1 m 0
247- - S T U X V .248- S T U X V W Y
249- S T U V w 7250- A 0 r 3 S T U / g 8 E F G L N M q
-51S- - - S U X V .
252- S T U . V w Y253." S 7 i f w Y
254 - A 0 J S T U w B E K F G L .4 0?55- - - S T U x .

I ;55 S 7 U x v w y
S r v w 7

., -:os 7 Sc. rr .14, qeoeat Steps I Thru 257 Replacing (3) Sy (C)
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"~~07 -1 7

'., " . ABLE 3-4
'LIA'IL'Y EOUATION FOR r-M nW =!RMINATION CUNT' DESI MI

ns i 3 -) + X 4 (1 - X) -

+ Ix4 I i- X) - X I - X)2 + .385 . X)3

+" "x 1 X) 4 + I - X) 2X. (I - X)
+LOX6 (i ) 4X)4 + 4X6 (I - X)5
+ U 4X)I }6 42X 6 ( - X) 7 + 2X7 (I -X) 5

8 7

,,.+. U. (I4~ X) .2(I . X)7 + 3X (I - X)3

+' . lo fOX - X)4 + 14X (I .X) + lax r1 - X)

- 24XS ti X " 7 + 24X8 (1 - X)8 . 16Xa(I . X)-
+ 10Kx8  - 10 + 68 ( - X)ll.. X8 ( - X) 12

2X 1 N 2 qf% I X 3+2- X

+ 35X (I - X)5  4X I ( .X) '  5 2X9(I - X)7

+- 4AX 9 ( - X) 34X9 fI - X) 22.%9 X+' lo 9 1 i L.. + 349 (l - X) 12 4. 2 (I _ X) 40

+ t10tI -X- ' + 29X"(1 - X) 6 * (X! I - X) 7

+ 321±'(I - 'I a +RX -XI 9 +. 1gX1p1 -

+, 410 ( - X

.'.-

- 7
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SIMPL17TED EOVATION FOR 7nE %M 7_RNATr:tq UNr OFS I GV

.3 .073

.4 .181.

.5 .393

.4 .550
.7 .732

.8 .40 2

.92 ..927

.84 .4

.84 .941.

.88 .973

.00 .088

.92 .491

.94 .995

.96."
*.98' .9995

.999 .999999
1.0 L.0

[1 3 4 2 5
R naX X tL-X) *X el-x) 2.X (1-XI

2 33
K* 21 '-E A X (-I) 8 X IX)4

Slox8 (1-X) 4 * 2X-9 ( -X 2 * OX9 (,_X) 3

22X (I-XI4 + 4X 10(I-XI
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4. L-!hGRAT! =ST PROGRM

This section describes a recommended program of testinq that will provide
a degree of assurance (both quantitative and qualitative) that the termin.atio
unit, as designed, fabricated, assembled and deployed, will perform success-
fully for the duration of its mission and will not lead to system degradation
or failure. The topics =vered in this section include the Test Objectives,
Provisional Definition of System Failure, and the Test Plan.

4.1 Test Ob ectives"
L

The objectives of the integrated test program are first to provide assur-
ance that the termination unit will be capable of operating maintenance free
for a period of twenty years, and second to identify any potential problem
area tn the design, handling, tzansportation, assembly and storage, and
deploymnt of the termination unit.

4.2 Provisional Definition of System Failure

In order to properly develop the test plan and satisfy the test objec-
tives, the relationship between failure of a termination unit and -he DSURE
system must be analyzed and quantified. The following discussion relates the
termination unit failure to system failure and offers a definition of system
failure to be used only for purposes of developing a test plan.

The failure of a single termination unit does not necessarily consitute a
BSURZ system failure. Since the system is designed with two strings of nine
-.TUs in series, a termination unit failure will impact system performance

* differently depending on where the failure occuts along the string. A failure
of the unit nearest the shore in a string will result in a loss of the entire
string. A failure of the unit furthest from shore in a string will not affect
any other units. For the prposes of this analysis, the system is said to be
in a failed condition if four or more TATUs are inoperative.

A summation of operate time for the termination units in the in-water
-SURE system totals 1.945 x 106 hours. Because of the design of the
original unit, this operate time can also be applied to the Morrison seal
around the SD cable. To determine the reliability of this 4r-ison seal,
operate time ws rounded to 2.0 x 106 and one failure was assumed. A
twenty-year life was the desired goal. Rence,

R a xt = 0.916 where,
X "number of failures/system time a 1/(2 x lV)
t • 175,200 hours (20 years)

The reliability of all seals and O-rings has been assumed the same.
Thus, the probability of s. .rvival for each O-ring and seal is 0.916. When
this part reliability (rounded to 0.92) is put in the reliability equation for
the new termination unit desig.i, the reliabilitL is computed to be 0.99L.
Thus, the probability that any given termination unit will stir-:ive tventy
years is 0.991. Using a termination unit reliability of 0.99 the fo Uli;n
table shows the probability of unit failure.

H-26
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n a Number of Termination Units Failing P(n)
0 .6826
S.2620

2 .0490
3 .0059
4 .0005

For p oses of this analysis it has been assumed that a system failure
occurs if a total of four or more XTUs fail to operate an either string. The
two strings are striuctured as indicated by the following schematic:

Repeater TATU, typ.

1L9 18 T7:6 15 14 13 12 11 0 9 8 7 6 5 4 3 2 1.,..9 L L5 1 c.i c1 L

Hstring 3
9 8 7 6 5 4 3 2

'""E r.± € n

19 1817 f16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1.

- Repeater Terminat-Ion
Unit., cyp.

Each MTU is attached to the cable by means of a termination unit on each
end. A failure of a termination unit will cause the loss of all TATUs to the
seaward side of that unit. For instance, the failure of termination unit A4
will cause the loss of TATUs A2 and Al. The failure of termination unit AS

,* .will cause the system to lose AtTM s A3, A2, and Al.

Based on the preceding definition a termination unit failure may becritical. (cause a system failure) or non-critical. The following table
I' shows the probability of a critical failure as one or more unit failures occur.

Number of Termination Unit Failures P (failure is critical)
1 .6842 (26/38)
2 .9403 (661/703)
3 .9924 (8372/8436)
4 .9992 (73755/73815)

Multiplying the probability that a given number of units fail times the Proba-
bility that those failures are critical, yields the probability that a system
failure will occur.

. (No. of Unit Failures) X P (Failure is Critical) - P (Svstem Fails)
(P (1) a .2620) X (P (FV a .6842) a .1793

"p - (P (2) - .0490) x (P (F2 ) - .9403) = .0460
(2 (3) a .0059) X (P (M3) -. 9919) a .0059
(P (4) a .0005) X (P (F) W .9992) a .0005
TOTAL .2317
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Thus, the probability that one, two, three, or four termination failures occur
and that these failures are critical is 0.2317. Conversely, the probability

-'- tWhat zero to four termination unit failures occur without causing a system
failure is I - 0.2317 or 0.7683. Hence, based on the above stated assumption,
the probability that the system will survive twenty years is 0.7683 where sur-
vival is ,efLned as havi-n at least 15 TATUs operating. It should be noted
that this analysis covers only the sealing system of the termination unit.
Probability of survival would be somewhat reduced if other aspects of te

* system, such as electronics, were included in this analysis.

4.3 Test Plan

T. The plan to test the termination units includes four types of tests:

,.liabiliy/WA tests, environmental stress tests, accelerated aging tests,
and asQAely tests. Table 4-1 is a synpsis of these tests and provides Lae
objective, anticipated duration, required hardware, parameters, and references
for each test. The following four paragraphs discuss each of these tests in
more detail.

4.3.1 Reliabilityv/AF Tests. ML-STD-781 prescribes the reliability tests
to be performed an military systems and equipment. These tests are used to
determine the probability that the system or equipment being tested will
achieve a specified M'M. The duration of these tests is in multiples of
Specified MW. The BSURE system includes 42 termination units each designed
for 20 years of operation. Of the 42 units, only 38 can contribute to system
failure. (Zn this analysis we are only dealing with the sealing system which
operates contimuously after deployment, whether the range is being operated or
not.) Therefore the total operate hours are: 38 units x 8760 hours per year
x 20 yeaxs or 6,657,600 hours. Thus, the specified MTTF of a unit should beSclose to 4.7 illion hous to achieve an expected range life of 20 years. For
Ites with extremnly high MTTP, such as the termination unit, the tests in
HL-ST-7Sl do not apply because test times are in multiples of the specified
MT'Z. It is, of course, impractical to test the unit to illions of operate
hours. Since the usual reliability test methods are not practical, other test
techniques have been examined to determine if any of them could provide some
assurance of termination unit reliability performance.

The most promising reliability test for this situation is the Bayes
test. This test permits the use of operational data if the unit being tested
is at least as reliable as the unit from which operational data is being
used. As was shown in Section 3 of this report the new termination unit

- design is Inherently move reliable tihn the original design. Since ?-his is
the case, a Sayes test allows operational data on the original design to be
cmbined with reliability test data on the new design to predict the rali-
ability of the new design. In order to do this, however, certain criteria
must be satisfied. First, none of the BSUEE failures can be attributed to the
system analyzed, i.e., the sealing system for the new termination unit.

* Seond, there has to be reasonable assurance that no new failure mechanisms
have been intrmduced via the new design. The BSUR-E range has been operated
for aproximately five years without experiencing a unit failure that can be
att•iuted to an 0-ring or a Mrrison seal failure. Three types of failures
have occi.red on the BSURE range. The first type was seawatar leaking between
the SD cable polyethylene sheath and the Morrison seal. Upon inspection, it
was determined that this failure was caused by grooves in the polyethylene
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sheath resulting from the manufacturing process. The new assembly procedure
calls for eliminating these grooves by machining. it appears, therefore, t'-at
this failure was not caused by failure of the morrison seal but rather by
inadequate assembly procedures. The second type of failure was due to a

torque applied to an off center pin that ran through the cup seal. The torqu-
ing destroyed the seal around the pin and allowed seawater to penetrate. Th.s -

pin has been e.3mina sd in the redesign of the termination unit. in t-he third
typ. of failure, an SD cable pulled out of termination. This was obviously
not caused by a Morrison seal or an 0-ring. it appears, therefore, that we

can justifiably assume that during the BSMM operation there has not been a

failure of the termination unit sealing system. This represents about 2X'0'6

hours of failure-free operation of the termination unit sealing system.

Th second criteria (no new failure mechanisms introduced via the new
design) is impossible to justify nowv. Nowever, at some point in the test
program it will be possible to detect inherent flaws in the new design or in
the manufacture, assembly, etc. of the components.

At this point various 3ayes test plans were examined to identify those
that appeared applicable to the SURE system. It was discovered that no
reliability testing ould be required If the Government accepts a ten percent
average consumers risk. This means that the Government accepts a ten percent
risx defined by the fraction: Number of bad systems accepted

Total number of bad systems tested
This is a fairly reasonable risk and C recommends Its acceptance by the
Government. Since no reliability tests ace required, CC recomends that a
reliability/TM test be performed to examine the postulate that no inherent
design flaws exist in the unit. CR recoends that tw properly assembled
units representinq production units be tested in simulated deployment
conditions foc fifty days each, or a total of 2400 operate hours. With an
,V= of abcut S X 10 hours, the unit Is expected to function failure-tree
over the test period. Therefore it any failures occur during the test, the
test should be terminated and a complete failure analysis should be
conducted. The failure analysis will indicate the necessity for a design
and/or procedure change. The indicated changes should be incorporated into
two new units and the tests should begin all over again. This process should
continue until the entire test duration is completed without experiencing a
failure of the termination unit sealing system.

4.3.2 Environmental Stress Tests. Environmental stress tests are used to
determine the capability of the unit to withstand the normal stresses it is
expected to encounter from the time it is manufactured through its oper3tional
service life. Table 4-2 lists the environmental conditions that the termina-
tion unit Is expected to encounter, and Table 4-3 lists a s%..ies of environ-
mental stress tests that should be conducted on the unit.

Eleven tests are recomended as s: wn in Table 4-3. Detalled descrip-
tion of the first ten tests may be found in ,IL-STD-8lC. The pressurization

-" test is described in the 100 Percent Design Plan.

4.3.3 Accelerated Acing Tests. Since the termination unit is expected "

function for twenty years, it was decided to examine the possihilitv of
Ii conducting accelerated aging tests on the Morison seals and 0-rings.

Accelerated aging tests do not accurately predict when the components -.4i. I
fail. All they really do is identifl te failure modes that will occur due to

H-30

,. - .. ."V°



-C oc 4 a
%. N.%

2 2 44 2c -C C a

z z

100
wo

* AC
60 4

C6 CA00 0 0 0 0C
000 00bd bd b 16 6

00060cc

t~q2 0 0 0 0

Ac -C E. 4 a h

000

03A

2 02

H-3



TA=I 4-3

ENVIRONMETAL STR.EW TESTS

TEST RL*4ARKS

* 501.1 3igh Temperature This test is used to determine the
. effects of high temperature on the

termination. The test should be
c onducted with an unpressurized
and a pressurized termination.

6 t 502.1 Low Temperature This test is conducted to determine
the effects of low temperature on the
equipment during storage.

# 503.1 Tezerature Shock This test simlates possible deploy-

ment conditions.

- 50"7.1 umiadity This test is conducted on silicon and

buityl components only to determine the
amount of moisture absorbed by t hese
co.ponent and long term effects.

, 508.1 Fungus This test Is used to determine the
resistance of the equipment
to fungus.

# 509.1 Salt Fog This test is conducted to determine
the the effects of a salt atmsphere
on the equipment.

# - 510.1 Dust This test is used to determine the
effects of dust on the equipment, par-
ticularly the effects of dust on
eqipment assembly.

4 512.1 Leakage A mdification of this test could be
used to detevmine tehe integrity of the
seals after pressurizing and just
prior to deployment.

9 514.2 Vibration This test is used to determine if tne
equipment is capable of withstanding
the vi*'ration encountered during
handling and transportation.

-,. .:.

* 9 516.2 Shock This test is performed to determine
the capability of the equiptment to
withstand the shock stresses likely to
be encountered during its life cycle.

Over This test is performed -o demon-
Pressurization str'te the integrity of tihe seals

after termination unit assembly.
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the aging process. Only after extensive testing can an accurate correlation
be made between induced and actual aging.

Accelerated aging tests are usually based on a rule of thumb that says,
an increase of 100 doubles the aging rate." Applying this rule, an accel-

erated aging test plan was developed for the termination unit sealing campo-

nent s. This plan is sumarized in Figure 4-1. The verticle axis in the
figure is storage temperature in degrees centigrade, and the horizontal axis
j.i storage time shown in both years and days. The family of curves in the
figure represents equivalent ages, The curve at the left, for instance,
represents the possible ways of storing a component to achieve an equivalent
age of two years. ftllowing this curve upward, it can be seen that this first

point indicates that storing a sasgLe at l'OC for one year is equivalent t
two years of actual operation at 4 C. The next point shows that staoring the

components for 180 days at 24CC is also equivalent to two years of actual

operation at 4. As shown in the figure, it is then planned to conduct
tests for equivalent ages of 2, 4, 6, 8, 10, 15, and 20 years. A total of 19

test points is recoended resulting in a total test duration of approximately

two years. According to current planning, this will permit all the acceler-
ated aging tests to be conducted prior to system deployment. That way, if
serious aging problem are anticipated due to testing, a fix can oe incorgo-

rated prior to deployment. ?or each of the 19 sample withdrawals, a cont:ol

sample should also be withdrawn permitting a direct comparative analysis
between actual and equivalent ages. A.lso, as indicated in the figure, the
sam les should be tested in oil, seawater, and moist air thus giving a total
test sample size of 57 with 57 control samples. After withdrawal, each sample

should be inspected and tested to determine: weight change, elastic modulus,

hardness, M, CO, roundness, and surface condition.

U 4.3.4 Assembly Test. The termination unit should be subjected to tests tO
determine what effects assembly will have on unit performance. Particularly,
this effacts of assembly on the condition of the Mocrison seals and 0-cings
should be determined. Assembly tests should be conducted on both the gimbal
side and the SD cable side. In these tests, the unit should be assemblad
under conditions that simulate, as closely as possible, the actual assembly
conditions including skill Levels of assembly techni:ians. All components
should be thoroughly inspected prior to assembly. The unit 3hould then be
carefully disassembled by the most skilled individual. After disassembly, 0-*

components should be visually and microscopically examined to determine i! the
assembly procedure causes component damage.
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.5. NUSONS AMD R=EMeIAONS

5.1 Reliability of New Ddsign

SFrom the reliability analysis, it has been concluded that the new termi-
nation unit design is a significant improvement over the original design. The
predicted improvement is a result of increased component redundancy in the new
design. Additional performance improvement should result Crom the fact that
the unit has been redesigned to eliminate pressure differentials across all
seals except one. The beneficial effects of eliminating the pressure differ-
ential were not considered in our reliability analysis. Based on this con-
cliaSiono it is r:ommiended that the cur:ently designed termination unit be
a=pved for us in the BSUR and that no further design efforts be conducted
unless the need for redesign is subsequently indicated by testing.

5.2 Testing of the Vew Design

Nue s developmnt tests have been conducted on the termination unit as
indickted on the 100 Percent Design Plan. These tests, however, were con-
ducted a number of years ago prior to final design approval. Tn addition, no
qualification tests hae been conducted on the unit. It is recommended,

4'w 04 therefore, that the tests described in Section 4 be conducted to determine the
design integrity, adequacy of assembly procedures, and to verify expected sys-
ten reliability. It is further recommended that the Government accept the ten
percent average consumers risk described in paragraph 4.3.1. Acceptance of

V.this risk by the Government eliminates the need for extensive reliability
testing.

5.3 Test Pl~anning

Lastly, it is recommended that the testing requirements for the termina-
tion wit be thoro ghly examined in relationship to the design, development
and implementation schedule, and that a detailed test plan be developed cover-

* - L ing all phases and aspects of termination unit testing.
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GLOSSARY

BARSTO Barking Sands Tracking Underwater Range

SSSURE Barking Sands Underwater Range Expansion

Female Isolation Tube

XD Inside Oiameter

KIT Male Islation Tube

MTZF Mean Time To Failure

N& PCMG= MMZV Naval Facilities Engineering Command, Chesapeake Oivision

CD Outside Diameter

P(Fn) Probability that the OnO failed termination units each occur in a
critical Location

PHTC Pacific Missile Test Center

P (n) Probability that any nruebr,. n, of termination units will fail

Rns Reliability of New Design

Rod Reliability of Original Design

Rs Reliability of Seal

(Prefix identifying type of submarine cable)

TAAF Test Analyze and Fix

VTU Termination and Transmission Unit

.

.

:' i "'"H-36

1~i



APPENDIX I

DESIGN/REDESIGN BLOCK DIAGRAMS FOR

LEAK PATH RELIABILITY ANALYSIS
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CHE SNA VF ACENGC OM

COMPARATIVE RELIABILITY EQUATIONS

ORI-GINAL DESIGN

4r l-sr-(s)1s 3)3l-(l-s 3 )r-(1F2 :)(-F 3 )1

* IMPROVED DESIGN

p F iz-s

F33

- r~3  (-1-P~l (iPFZ)J

9,r 3 1 r-)(

* F - Probability of failure

S - Probability of non-failure (success)
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