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OBJECTIVL

Develop recommendations for preventing failure of the depression/elevation
drive7motor power-cable, and all other cables, in the AN/BQS-15 Sonar System.
Identify the causative mechanisms. Define specific corrective actions in suf-

ficient detail to permit preparation of an engineering change proposal by the
system contractor.

RESULTS

1. The MIL-C-24217/3-001 connector has serious design and {abrication
deficiencies.

2. Thirty-five percent of the returned cables had been rejected or had
failed because of abrasions, cuts, etc, caused by mishandling.

3. Thirty-five percent had failed because of mechanical and clectrical
breakdown in the cable.

4, Thirty percent had nothing wrong except that in most of these the
connectors, normmally supplied by the shipyard, had been cut off. This implied
that problems with these cables may have been solely associated with the
missing connectors.

RECOMMENDATTONS

1. Modify acceptance criteria for the cables to include a physical
incoection of the neoprene-to-metal bond. The inspection should be similar to
the inspection of the bond used for MIL-C-24231 connectors.

2. Modify the 24217/3-001 connector to eliminate the cable notch.

3. Modify the mold for the 24217/3-001 connector to include a 45° beveled
terination near the connector coupling nut, and to be faired without a step
at the cable.

4. Mold the part number and ddate of fabrication into the connector mold
10 serve as lot number information.

b, Do not extend the water block in these connectors beyond the metal
shell housing.

G Install g pressure strap near the 45° beveled Lermination of the mold
10 gid in preventing long-terwm bond failure.

7. Machine an O-ring groove inte Lhe metal sieeve in the area divectly
benealh the pressure strap.

¢, Dircct personnel romoving cables that have failed in installation to
supply detailed failure scengrios with cables returned to the vendor or other
cognizant technical center to aid in incorperating developmental engineering

changes o Lhe system. [ S o
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9. Direct personnel to avoid rough handling of the cables.

10.  Fabricate the coupling nut from material that would eliminate galvanic
reactions within the connector. This material should be 316 stainless steel.
~-Teflon tape should be used on installation to prevent thread galling.
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BACKGROUND

The AN/BQS-15 sonar system has experienced an inordinate amount of out-
board cable failures, particularly with the depression; elevation (D/I)
drive-motor power cable W3l (part 8-60013652)., Other AN/B0OS-15 outhoard
cables also have been failing at a very high rate. Failure of the D/E cable,
caused by water flooding of the P? cornector, damages ithe D/ drive motor,
This scriously degrades the submarine's forward-look capahility, requires
major repair, and resulis in high repair costs. Table 1 lisis the cahles that
have been sent to the fleet as replacement items,

NAVSEASYSCOM 63X143 requested that the cable tailure mechanisms be identi-
fied and specific corrective action defined. Recommendations were requestied
that would be sufficiently detailed to permit preparation of an enginecring
change proposal by the AN/R(S-15 contractor, Ametek, Inc, Straze Division,

DESCRIPTION OF TEST CABLES

The location in the submarine of the cables examined in this analysis is
shown in figure 1, and their description in table 2. There were 19 different
cable numbers; the total analyzed was 41.

Table 1 lists 47 cahles as repleced, but not 211 of the failed canles wore
returned to Anetek or KOSC. AI1 of the cables used in this analysis had been
returned to Ametek as defective, except one, a W30 (ser 15024), which was
received from the Anecom Mivision of litton Industries. Its history is
unknovin; Anecom has no knowledge of the cable,

As can be seen 1n table 2, all of the cables supplied to NOSC by Anetek
have MIL-C-24217 connectors on at least one ond,  The connectors have from 3
to 14 pins. Two ot the cables usc 90° comectors; one of these has 2 pins and
the other has 14. The hitter ends of the cables have a MIL-C-24221 Portsinouih
connector, installed at the shipyard., Some of the canles returned Lo fmetol
liad these connectors attached, however, most had been removed.  Figure 7 shows
the above cables. Note that at least three bave only pigtail ends.
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Cable N'\:';:\:JN Type ‘::‘("‘\:; P lwhi’.'_“;:ei P2 Mates with P1iype P2 Type
W19 R 5Q1y 25WE 3 4 w2BP1 Hull penetrator M24217 7.006 Supphed atinstallation
W20 R 5Q20 2SWF 3 6 W29P1 Huh penctrator M24217 7 305 Supphad at installaton
W21 R SQ21 25Wi 7 B8 W30P1 Hull penetrator M24217 7 007 Sunplied atinstallation
W2 R sQ22 DSS 4 7 W31P1 Hull penetiat. M2421).7 OC Supphied al installation
w23 R 5Q23 28W 7 11 JANI2 Hull penetrator M24217 7 007 Supphed atinstallation
w24 R.5024 DSS-4 2 3A14% Hull penetrator M24217/7-001 Supplied at mstallaton
W25 R 50256 FSS 2 4 4.1 Hull penatraior M24217/7.003 Supphed at instaliation
Woo R 5020 FSS ,’_-1 B RS Hull prnetrator 7 M2a212 7 003 Supphiet atimstallguon
- ] ]
w7 R 5Q27 LIS 4 [LNR] Hull penetiator M/a217 7 003 Suppied gthinstallaton
w2g RESIORE:S 28V 2 4 ) VAR 3A3N M2aZ17 70056 M24a217 3 003
T Lpmn = —
w29 R SG/9 SOWE 3 G woroet 7 3ARY —M)AY]I 7 00n Medrsi7 3005 A
Wisl) R SQ30¢ 28wt 7 8 W21pi RV M24217 3004 MJa217 8 eur i
w3t R 5031 DSS 4 2 W1lipl IA2N M24717 3 00 M2A217 B oot k
w3s R Q348 nss 3 2 G4t Huld penetrator M24217 7-00% Supihed at installatinn ’:
W3y R 5039 058 3 ? 101 Huli penctrator M24217 7 00% Supphed atinstallation B
W40 H 5040 05 3 2 "n Hut penetrator M24217 7 OVUEJ Supphied atinstallation
'; Wil R SQ41t DsS 3 ? 1201 Hull penetrator M242127.7 005 Supptied atinstallanon 1
way R’ SQ42 D4S 3 ? 131 Huli peaetiator 24217 7 006 Supphed atnstallation ;
wa s v S043 35 3 2 1400 Hull ponet ator M24217 1 00DY Suppbed atinstallabion |
Table 2. Cable descripuon,
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CONDUCT OF ANALYSIS

OBJECTIVES

The principal objective of this analysis has been to determine the modrs
of failure of tha W3l cable. Additionally, the modes of failurc of all othur
cables were required to be determined.

The specific objectives have been to determine causes and exstent of cable
failure due to

Flexing of the cabtle, including the effects of currently used 1nstallation
techniques, eg, bundling of several pedestal cables, cxcessive cablu
bending

Poor adhesion between the connector molding and the cable, including poo
cable manufacturing techniques, eg, improperly cleaned molds, presence of
mold release, chemical incompatibilities

Poor adhesion of neoprene and epoxy to the connector; analysis of this
potential failure mechanism considered manufacturing technigues,
procedures, and quality assurance in addition Lo chomical
incompatibilities

Molding imperfections, such as bubbles, in the ncoprenc and cpory
Failure of cable-gssembly components such as conneclors, v ing.

Storaye and aging

INVESTIGATIUN METHOD

Initially, 40 failed cables were delivered to HOSL.  ATE were labeled
indicoting part, cable, and serial numbers.  Serial numbuers were stamped on
the brass coupling nut of the MIL-C-24217 connectory.,  The anglyoisc conyfutled
of tiw Tulluwing suCcessive sieps

1. bach cable was physically inspected and Lhe resully wiere recorded

7. Lalient characteristics of cable deficiencics were pholoygraphed ustny
a close-up lens

3. Continuity tests were made Lo delermine
Revistance of each Tine
Short circuits between Tines

4. Anoansulation resistonce test (using %00 Vo de and o meyohumeter ) vy
made on each cable

11
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H.  Cables were X-rayed to determine
Construction details

Bonding breakdowns

uther internal characteristics

6. A test fixture was fabricated to determine the volume of the cable
that had previously been flooded by water; figure 3 illustrates the test setup
in which the cable was placed -into a water-filled pressure vessel and pressure
increased until the water (laced with a red dye, a barium sulfate solution,
and a wetting solution) was just visible in the exposed connector

7. After removal from the test chambér, the cables were X-rayed and
dissected to determine flood-failure paths, and were photographed using 2
close-up lens; they were also photographed under ultraviolet light

8. Those cables showing no visible signs of leakage after at Teast 30
minutes under 1000 psi (6.£95 MPa) were again tested for insulation hreakdown
using 500 V dc and a megohmeter

9. Paul Herderson of NWSC Crane examined the neoprene mclded material for
impioper curing, effects of aging, and other reasons for loss of bond to the
steel casing (his report is in appendix A)

10. Installation procedures were reviewed and shipyard installation
techniques were monitored to determine possible areas for improvement

11. Failures caused by handling wore identified
12. A meeting ‘0 review test results and their interpretation was held at
NOSC on 5 February 1980; those in attendance were from NAVSEACENPAC, Ametek/

Straza, NWSC, NUSC, Mare [sland Naval Shipyard, NAYSECNORDIV, and NOSC (a
report on this meeting is in appendix B)

12
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TEST RESULTS

Table 3 lists all analyzed cables by serial number and type, and classi-
fies the mode of failure. Failures due to handling comprise the largest group
~—--and are caused primarily by abrasions and cuts in the cable, not by normal
wear as installed. T T e e

The next largest failure group consists of cables where causes could nol.
be determined because

Failure cause had not been documented ~§

Failure occurred in a connector which had heen cut off and not supplicd 'é
for analysis

Failure 1s intermittent and cause could not be determined during analyeis

The group 1isting leakage due to bonding breakdown shows a predoainance of

the W31 cable, the principal test specimen in this investigation. Only the
- M31 cable showed visual signs of leakage at the pin interface during pressure

testing. The W30 cable showed bond breakdown or leakage incide the connector
of one specimen. This was the MIL-C-24217/3-004 (P2 on W30). A W24 cable,
which had been involved in g coilision with ice, and, therefore, not tegted in
the water-pressure test, <howed flooding and a strony Teabaye path inty Lhe
pin area.

diagnoned

The internal shorts group Tishs connectors wheso failure was
during the physical and electrical inspections., Approzimately half of thiy
group was diagnosed after pressurc testing the cables.o Ho physical signe of
waler penetration were observed in these cablas, however, Y-ray inspection
showed that the shielded arcas were too close together. 1 appearsy thot Lhe
pressure had caused the Tines to touch and that this was partly the reason 1o
the original cable failure disgnosis. Handling of the cobles and/or releguing
pressure on the shields had opened the contact and hgd ollowed Lhe cablen Ly E
pas. the electrical inspection. ;

?
4
:zi
|
i
|

DEPRESSTON/ELEVATION POWER CABILY

Figure 4 “hows the in situ installation uf the V3D and W20 ¢ables ot fhe
AN/BQS-15 pedestal,  Faiiure of tne smaller 907 conmector (1ot side of Uhe
molor) precipitated this analysis. The unrestoicted survoundng arca gnd the
free motion of the pedestal assembly would allow modifications to Loth of
these conneclors without significant constraint an sizeo Digure Y oshgw con-
nectors P1oand 12 of the W31 cable (ser 15014). A parLial digsection of the
907 portion of the P2 connector iy shovm in figure Gy the pink wire (rLormally
white) at the center of the figure indicates dye penctrating 1o this point fn
the connector.  There is Yittle, i1 any, bond over g very Targe arieg. Puoyibde
reasons, tor bond failure in this connector ore discussed i gppendiy B,

et et e o, L

Figure 7 shows an enlarygement of the failed-bund arca, i11ustrating the
Tack of surface preparation for bonding. Lincar scrabches on Lhe metal sleeys
were caused by the dissecting tool, A complete diogection of Lhiy Lype of
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connector is shown in figure 8a. Clearly illustrated by pink is the water
path that resulted in failure of the connector. A cross section of the rubber
molding is shown at the right in the fiqure; the gray arca surrounding the
wire is a hard-epoxy compound. The compound can also be seen inside the blue
insert at the left in the figure. The minimum water path, approximateiy 1/4
~inch (6.35 mm), can be seen in the center of the rubber molded section below
the left edge of the epoxy. The metal sleeve section is in the center; the
uppermost left edge is the cutout which is in the main water path. In 8b an
ultraviolet exposure illusirates more clearly the flooded areas in this
dissection.

Figure 9 shows an additional dissection of the same P2 connector. The
rusted area in the center of the metal sleeve indicates the principal water
path which caused failure in this connector. Pink areas in the rubber mold
(top center) and near the cutout portion of the connector (left) clearly
illustrate water leakage; the gray area inside the blue insert is the hard
epoxy water block. The hard epoxy shows fracture at the interface of the
metal sleeve and the stress relief section which is the tail of the uppermost
part in this photoygraph. A section of the inseri is shown at the right.

R Figure 10 shows a third dissection of the 90° connector. As can be seen
on the right, the bond failure is in the vicinity of the cutout, and the
rusted section defines the water path.

These results are considered to show clearly that the failure path was
defined as being under the rubber, through a failed, previously honded,
section intn the cutout area of the metal sleeve, then through the circum-
fereniial area surrounding the blue plastic insert, past a protective O-ring
in this insert, and then to the pins. This failure path was observed during
the pressure testing, ie, the pink Tiguid used in the pressure test was seen
0 emerge from the circumference of the blue insert.

Connector P2 on Cable W30

N dissection of P? of cable W30 is shown in Figure 11, This connector is
the Targer 90° connector shown in figure 4. 1ts construction is very similar
to that of Pl in the previous section and the failure mode is considered to he
identical.  The right <ide of figure 11 shows a aray epoxy water block inside
the stress-relief section of the mold. The water block is cracked in several
places, most noticeehly at the interface of the stress-relief section and the
metal sleeve, near the cutout (where the wires enfer the connector). At the
Teft in this figure, lying on Ltop of the hlue insert, is a portion of the O-
ring designed Lo prevent walter from entering at the open end of the connoector,
rather than to keep out high-pressure water which could epter through fhe
flooded bhack end (as occurred in this connector). Once waler reaches the
innermost,. section of this sleeve there is no longer any bonded areo Lo prevent
Teakaqge.

Connector P1 on Cahle W31

P1 of cable W3l is an inline connector and no failure of thie connector
hos yel been observed, however, a dissection of the connector was made for

24
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diagnostic purposes (figure 1?), The main pins in the connector are scaled
with glass and a polyurethane section, seen in tne lower part of the figure as
a light yellow area to the right of the bright gold pin. The metal slaeve in
the upper section consists of two pieces for ease in connecting the wires 1o
the rear of the connector pins. The rubber molding is forced into the

~ threaded section during vulcanization and aids in reducing the likelihood of

the threaded section beconing a water path. The gray area in the center of
the lower portion, which extends some distance inio the tapered stress relief
section of the mold, is a water hlock epoxy. It is considered not necessary
since none of the many connectors supplied by the shipyard use a water block
made of material different from that used to mold the rest of the connector
(polyurethanz). Also, the hard epoxy water block tend: to reduce the effec-
tiveness of the stress-relief design of mold itself. 1€, because the molded
portion of the connector is made from neoprene, the innermost portion of the
metal connector shell must he filled completely so as to reduce any motion
(hecause of exterior pressure on the cable end connector), then it is sug-
gested that only the area inside the connector shell be filled with either
epoxy or polyurethane. This has been done 1n some instances with these
particular connectors. The water block fill should not extend into the siress

“relief area.

Failed Bonds on Inline Connectors

Figure 13 shows several MIL-C-24217 inline connectors with varying deqroees
of bond failure. Those on the left side show only slight traces of hond
Tailure, that on the right shows a complete hond failure which resuliod in
flooding of the connector. The latter connector has been completely dissecled
and shows (fig 14) a polyurethane water block which extends into the stress
relief section of the molded connector; as in several other examples found
with these connectors, the neoprene does not bond to the polyurethann, A/
slippage occurs inside the stress-relief section, and possibly it is a causc
for excessive stress on the bond area. The flooding path mey be scen on the
Blue insert on the right and inside the steel shell in the center. The rubboy
mold appeared to he in good condition throughou!', howover ) the bond failed
because of flooding. A pink dye is not seen here because this conneclor wos
not included in the pressurc tests.
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POSSIBLE CAUSE OF BOND FAILURE

It is difficult if not impossible to assess the reasons for bend failture
in cables of this type. Several probable causes that have been suqggested are
discussed in a.report by Paul Henderson of NWSC CRANE (appendix A). 0Of
special interest in the analysis of the bond failures is the initial nature of
bond breakdown. Specifically, some salient qualities of bond breakdown may be
seen in figure 15, a closeup of an inline connector with incipient hond fail-
ure. In the center of the fiqure the neoprene is shown removed from the metal
shell of the connector in order to expose the failed bond areas; the semi-
circular lines in the lower center indica’e several different stages of the
bond failure process. The hond is intact farther from the termina*ticn of the
bond neoprene which is at the center of the figure. This condition appears to
he aerarally rorscgontative of 211 failurne seen in thoece rahlec,  [f this
type of failure occurs over a relatively long period of time, it may not be
due to poor fabrication methods but ra*her to the basic design of the connec-
tor. A possible cause might be the dissimilar metals used in this connector,
The metal shell (center section) of *the connector is made of o 216 stainfess
whercas the connecting nut is nickel-aluminum bronze. A test in the labora-
tory using sea water showed that approximately 0.25 volt of electrical poten-
tial exists between these two metals. It is possible tha! under Tong term
conditions a qalvanic process os yet not completely diaanosed might exist in
which the basic primer is caused *to become increasinrgly permeated by wa'oer,
Diffusion of water into the adhesive from the edqge of the neaprene rold would
then result in a hreakdown of the bond. This could also occur if the golvanic
process caused the primer to simply disselve dinte the weter. Details of thig
type of failure mode are currently being studied 2! *he Texas Research
Institute, Inc, in Austin, Texas. Pesults of the study at this time | however,
are inconclusive. Although this phenomenon could be studied in areat detail,
it is simpler to just change the couplina nut of *his connectnr to A gtain-
loss, thereby eliminating any dissimilar-metal or galvanic process.  Coupling
would then require teflon tape or 2 non-aalling Tubrican® so as tn elipingte
thread damaqge. ‘

CONCLUSTIONS AND RECOMMENDED SOLUTIONS

When the acceptance criteria for *hese cahles were reviewed durirg the
early phase of this investigation, it was discovered *hat o Targe numher of
cycles at high pressure were used to delermine whe'her or not the connectors
leaked. If the cables did no*t leak durina *he pressure cveles they wore
considered to he acceptable. There was nn visual or mechanical inspection of
the bond in the connector near the terminatinn of *he hond an *he nptal
sleeves. There was, however, a rechanical check for ‘ho hond on the cahle,
The lack of a visual mechenical inspection “nr any initial failure nf *he bond
on a metal sleeve is considered to be *the weakest par® nf ‘he wecentance cri-
teria. [t is, therefore, one of *he conclusions nf fhia investiae! ion that o
mechanical and visual inspection n® the hord at its termination on *the netal
sleeve be incorporated into the inspectinn criteria,  [n arder ‘hat thig moy
he accomplished with relative ease, 1* is recommended that the bond n thig
area be terminated with a 45° beyvel. Terminating a mold Sn this ranner ollowe
pasy visual inspection of the hond. Additiopally, o'hers have deterpined *ha!
a better bond results when the mold terminates in this manner {appendiy AL
Although the reason for this is unknown i* rmay he dun o Tower heat franios
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in the area of the 45° bevel during vulcanization. When the mold terminates
at 90° there is only a very thin section of the mold in this area, and, there-
fore, increased heat transfer occurs. The method of inspection can follow
that used for MIL-C-24231 connectors when the mold terminates at 45°.

The material used for a water block in the system should not extend into
the stress relief portion of the mold but should be terminated at the end of
the metal sleeve. Additionally, the stress relief portion of the mold should
be faired into the cable rather than terminate as a step at the cable end.

The cutout portion of the smaller MIL-C-24217/3-001 connector should be elimi-
nated, the lines routed up and over the metal sleeve, and the mold changed to
accommodate this in a manner similar to that of MIL-C-24231/2-001. A sketch
showing this can be seen in figure 16. It illustrates the 90° termination,
the fairing into the cable, routing of the wires around the rear of the metal
sleeve, the epoxy water block, & metal pressure strap, and an O-ring yroovve in
the metal sleeve directly under the metal strap. The metal strap is recom-
mended since there have been laboratory results (at NUSC) showing that its use
apparently aids in the tolerance of the bond to a severe pressure environment.
Some results using the strap have shown bond failure in all areas except
directly below the metal strap. Installation of the metal strap can be
simple.  One method would be to tighten the strap so that the exposed surface
of the strap just becomes flush with the exterior surface of the neoprene. A
buckle would be used to tie the strap in a manner presently used on many
deep-submersible transducers. A specially designed tool has been fabricated
for this purpose; details of the tool are available from NOSC.

Although the results of this investigation have shown no dramatically
conclusive single mode of failure for all cables, the results have led to a
considerable number of modifications to the system as being desirable if not
completely necessary. In addition to the above modifications to the 90°
connector, some modifications are also considered necessary for the inline
connectors. These include continued use of the 45° termination of the molding
in the vicinity of the nut, and the use of both the 0-ring groove and the
stainless steel pressure strap. In addition, the mold should be tapered into
the cable as in the 90° connector. The coupling nut should also be changed
from nickel-aluminum bronze to 316 stainless, and teflon tape should be used
to prevent thread galling. These are all changes to the present system. An
artist's concept of the recommended connector is shown in figure 16. Although
there has been only one known failure due to flooding of an inline connector,
our results indicate that there is a high probability that in the future, more
failures of the same type will occur in the inline conncctor.
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Figure 1o, Proposed change foi connecton P2 ol cable W 31
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APPENDIX A: CABLE BONDING FAILURE

This appendix consists of a report on seme detailed background related to

. the bonding failures found on these cables. The report contains some discus-

{ e . __sion of other possible design considerations for improving the present cabling
system. It was originally issued as an informal test report and is included R

here essentially intact.
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h Feb 80
By Paul Henderson
NWSC Crane

PURPOSE: The BQR-15 cable assemblies are exhibiting extremely low service life
due to water entering the connector and shorting out the socket contacts.
Crane has been tasked to analyze the rubber to metal interface which is the
primary rear seal.

BACKGROUND: In December 1979 a cable assembly (P/N 8-600136552, S/N 15032) was
received from Naval Ocean Systems Center to be analyzed. It was a reject unit
from the suspect manufacturer's lot that was exhibiting this low life failure,
This reject was caused by a cut in the strain relief prior to installation, so
this cable had not seen sea eavironment. This cable gave us a real insight
into the overall cable problem.

DISCUSSION:

1. A small probe with a 1/16" ball tip was used to lightly 1ift the bond area
to test mechanical integrity of the rubber to metal bond. Photograph (1)
showed that the rubber 1ifted easily from the metal indicating that there is a
major rubbe, problem in this arca.

2. One-half inch strips were cut at 90° from each other, parallel to the axis
of the connector, starting at the mold parting Vine. These steips weore puliced

back revealing almost complete bond failure (see photographs (2) and (3)).
This type of failure, 90° from the parting line, is called spotty rubber (SKR)
and 1s evidenced by the appearance on the metal surface of splattered rubber.
On the 0° (parting Tine) strip there is a complete absence of bond revealing
exposed metal (CM). {See photograph 4.) Both of these failures can be causcd
by the same basic problems.

a. 0il, dirt, or other foreign matter on the metal surface may have
prevented adhesion from taking place.

b, Touv rapid evaporation of solvents in the adhesive may result in
urtrafast drying of the adhesive,

c. Hlow of the elastomer stock during bonding may have caused
displacement of the adhesive from the metal surface.

3. Since the bond failure was ot the metal primer tnterface, it 1s assumed
that the hasic rubber stock (WRI Polychluroprene with 40 Lo 0% carbon) is
adequate for this applicetion. The durometer was homodencous throughout the
elastomer indicating proper mastication and curing. Therce was no evidence of
plasticizer migration.

4. The primer system used by Viking was the two coal wcthod uf bunding the
elastaner to metal,

This twou coet method is used when the assenbly will face severe usaqge and
extreme temperoture, but the bonding Lemperature must be high.  This 1y by fer
the best nmethod for this application.
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5. Probable causes of the CM faoilure:
a. Problem, Poor metal surface — oil or powdery residue.
Solution, Better chemical or mechanical cleaning. Check operation.
b. Problem. fxcess flow of the elastomer stock during the bonding
process may cause displacement of the adhesive from the
metal,
50Tulion. Use semipositive molds if compressicn molding technigue is
required, or use transfer molding to reduce this excess
flow and keep proper pressure in cavily.
c. Problem, Sacrificial metal activity.

Solution. Avoid the dissimilar metals in abrasive cleaning.

d. Problem.  Contemination of treated metal parts before adhesive
application.

Solution. Cover parts,

i, The most critical area of {foilure occurs at the 1807 mold parting Vine,
{(Sec Photograph (5)Y.  This is due 1o the small distance between cable entry
point ond the elostomer cutoff. Tf the bond fails in Lhis arca there s o
direct entry path for water into the coble assenbly cansing, ot Teast, @ short
in the contacts.
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7. Some other changes to improve the product might be considered,

a. Add a test for integrity of the hond, such as a pry test, to the
specification for this connector (MIL-C-24217 (SHIPS)). Thic would be a 1007
test requirement.

b. Add a peel test to paragraph 3 on a sample basis to prove oul
production process.

¢. Changes to dasign,

(1) Bonding of metal to rubber can be greatly improved and life
expectancy extended for a much longer period if the leading edges of the bond
area are kept in compression. This may be accomplished by placing a strap
around strain relief. See Figure 1.

(2) Bond design. The elastomer shape should avoid any sharp radii and
abrupt elastomer-metal cutoff. The present design has both discrepancies and
the shape could be changed as shown in Figure 1.

HE LULEL ML TAL ELASTOMER
CUTO®I

COUPL ING RINT,

INCERE ALE D BRADI

AL DAL TAL BANTD

Figure 1,

(3) The effective bond Tength may be increased and on C-ring type
oction obtained by cutting grooves on the metg) part. (See Pigure 2.)  This
also yives more mechenical strength,

A Lube may be added Lo support Lhe sivein relicef on the rvight anyle connectur
giving rmore bond length,  This Lube may be welded or soldered in place for
vase of replacement.  The tube may alsu have grooyes.  (See Figure 3,)
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APPERDEY. B AR/EQ =15 CABLL FATLURL ANALYSES MLLTIRG REPORD

This ppendix cunststs uf a repurt on a meeling held at NOSL for the
R ,,;purgmu ot rugeiving constructive criticiem on the method usrd for the fallure
analtynts ond on Yhe recommendat tony put furlh o this reporte Included 14 g
tictor andum froe the Bave Tslamd haval Shipyard which discunsrs some 01 Lhe
. curtent gsey uf Lhese conhectors, The tepnrl way o1 !ginully Yesud a% an
tnfurmal veport and 15 fngduded bere tntacl.
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AN/BQS-15 CABLE FATLURE ANALYSIS MEETING REPORT
Py T. L. Lewis

The test plan for the cable failure program was presented and discussed.
Several of the attendees indiceted that they would forward written comments.

Several samples of divsected cables were shown to illustrate the failure
mode of the W21 (D/t) 3-pin 90° cornector. Test results indicate that this
connector will require a fundamental change in it< design., The leakage path
in the 90" connector has been confirmed to be up the outside of the onnector
metal sleeve Lhru the side notch and then down the inside of the metal sleeve
to the plug-receptacle interface. The connectors did not leak along the wire
path,

Adissection of the W30 (D/1) 14-pin 90" connector also showed Lhe same
vater path failure mode.

A propused solution to the problem was presented for comments This
solution is illustrated below along with the existing connector.
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A principal fault with the existing 90° connector emanates from the laying
up of the epoxy water block. The volume encapsulated in the conical strain
section has several problems related to it:

1. It reduces the minimum neoprene bond water path from an available L
3/8 inch to 1/4 inch.

2. 1t does not allow the strain relief section to function as designed.
3. It is not layed up uniformly.

4. A1l dissected pieces showed cracking of the water block closest to the
connector metal sleeve near the wire entry notch.

Concern was raised at the meeting about the proposed pressure strap. This
method is presently under development at NUSC (Charley 01ds). Tts use will
stop leakage even if the neoprene bond failed. Similar straps have been used
for years on some transducers. The implementation of the Strap here however
needs design, material, and installation development.

Enclosure (1) to HOSC Tir Ser 673/74
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OFNAY 3218/ 144 (REY 8§ 70)
S/N 0107-LF.778-B097
DEPARTMENT OF THE NAVY

Memomndum 270.3-Ser. 318

DATE: 12 March 1980

FROM:  Tow Yee, Code 270,301, NAVSHIPYDMARE
T0: Tom Lewis, Code 6231, Naval Ocean Systems Center
SUBJ: AN/BQS-~15 Cable Failure Analysis Meeting, Comments of

RET: (a) NUSC Ltr, TLi:cyXAS7 Ser. 623/24 of 13 Feb 1980; Subji:
AN/BQS~15 Cable Failure Analysis Meeting

Encl: (1) Sketch: a) fig (1), Polyurethane encapsulated MIL-(-24217
Right Angle Connector
~b) fig (2); Deep Submergence Right Angle Connector
Assembly. R

1. As discussed at reference (a), AN/BOS-1% Cable Failure finalysis meeling,
the MIL-C-74217 vight-angle connections were flooding.  The contectors have 3
hard epoxy backfill and cable strain relief, and are encapsulate, in neoprene
ribber. Failere analysis didentifiod {fiooding was caused by vubber fo metal
bond separation and tracture of the hard epoxy cable reliet at ihe conmecior
shell. Comments on solutions and MIL-C-24217 right angle connector service
data were requested,

2. The MIL-C-~24717 right angle connector is equipped on Lhe AL/RON-12
Submarine Distress Pingoer transducers, and the deel submergence vehicles
{(DEV's) NP1, DSV-3 (TURTLLY), DSV-4 (SLACLICTY, and the deep sohnergence
rescue vehicles (DSPVs).  The cable connoclor asserblics installed on the
DSV's are reliable and bave not ezperienced the failure mode exhibited by vhe
ANZBOS-15 cable connector assemblies.  The DSV connector assemblies are
subjected Lo 6.5F foot depths without significant failures and are inspecteonl
and replaced nominaliy every 5 years.  The connecbors incorporate a hard epory
back{ill ond polyurethane for strain velief and encapsalation,

3. We concur with the failure analysis findings that the fH/ROS=15 cable
conneclor asseinblies fooded of the cable connector.  Suygest that twn alter-
native methods be considered.  The methods are Lo encapsulete connectors with
polyurethane, enclosure (1), 1iq 1, or fo manutacture the proposed righl angle

1 connector cable assemblices incorporating o styaight inline connector shell,
detailed in enclosurce (1) of reference (a),

4. Polyneethane encopanloted connectors have proven 1o he veliable for deep

submorgence service.  The aniiormglly molded poly et hane encapsulation eYimi-
nates the strese fracture {gilure at the stroin velbief grea and ingreases Lhe
available hond suvface from 0,749 dnches, Lo 00275 dnches ) endlosure (1), g 1.
The polyurethane 1o metal dnterface can be visually inupected for fond infeg-
vity without the use of prying tooly ) which coubd dargge bond integrity. The
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molds and molding procedures are in service and available for polyurethane
encapsulation of the MIL-C-24217 right angle connector.,

5. Right angle connector assemblies similar to the proposed method detailed
----—----—in enclosure (1) of reference (a) has been in service on the DSV's NR-1 and

DSRY's with satisfactory resclts., See fig 2 of enclosure (1). The connector

assemblies are repeatedly sub ected to 6.5k foot depths without significant

failures. The connector assemblies installed on the NP-1 and DSRV's do not

incorporate pressure bond straps and in service data is not availahle., The

proposed encapsulation method has more available connector bonding surface

than the MIL-C-24217 right angle connector, and eliminates the stress fracture

failure at the cable strain relief area. The proposed connector assemblies '

can be installed in areas where vertical clearance is not c¢ritical.

|

6. Cable failures and reliability can be improved with cuality control
program and proper material choice. Surface preparation and eliminalion of
the hard epoxy strain relief area would eliminate a majority of problems
encountered,
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