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GLOSSARY OF TERMS

Anchor projectile — In the explosive embedment anchor system , the anchor
projectile is a cylindrical object with four hinged flukes which extend when
a strain is taken on the shank end . It is fired into the bottom .

Anchor shank — The slotted cy lindrical end of the projectile which holds the
serve cable.

ArmJ,p~ — The act  of mak ing  a f i r i ng  mechanism read y f o r  f i r i n g .

Bellows diap hrag~ — A cup—shaped  r u b b e r  device  w h i c h  p r e v e n t s  the  e n t r y  of sea
water into the piston chamber of the hydrostatic lock.

Cable, 3x19 — Three strands containing 19 wires in each strand .

Cable, 7x7 — Seven strands containing 7 wires in each strand .

ç~~~ e l 2~l9 — One s trand containing 19 wires.

Cable, jacketed 1/2” nylon — Braided nylon line with polyurethane jacket 
A

adhered to its surface.

~~p~osive Embedment Anchor System — Consisting of a gunstand (loaded with a 600
grain cartridge and an anchor projectile with a serve cable) which fires upon
contact with ocean bottom thereby embedding the projectile to provide a mooring
for small buoys.

Faking board — A board upon which a line is laid out’ in successive bights , each
succeeding one adjacent to the preceeding one.

Figure eight pack — Pack in which the turns form a series of overlapping figure
eights advancing about one or two diameters of the line at each turn.

Firing mechanism — Contains the sear pin and sear which when activated drive
the firing pin into the primer thereby detonating the cartridge.

Fluke — Flat end of anchor which bites into the bottom material providing
surface area for holding.

Hydrostatic locks — Pressure actuated plungers which lock :
1. Firing mechanism sear lockup arm.
2. Tr igger plate.

Lock—up arm — Arm connected to sear and held in place by firing mechani—ii
hydrostatic lock until armed .

V
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Penetrometer — A device used to penetrate the bottom material to determine its
composition and density.

Phase I — This identifies the period of testing from the letting of the con-
t ract to Magnavox in April of 1971 to the conclusion in July of 1971 of buoy
dep loyments in Chesapeake Bay .

Phase II — This identifies the period of Coast Guard testing after the conclu-
sion of the Chesapeake Bay test in July of 1971 and continuing into 1973.

Pigta il — A short length of cable used to attach a mooring cable to an anchor.

Proof test — Test performed to evaluate performance against design criteria.

Propellant charge — Explosive used to provide the force used to fire a project—
tile.

Quad ring seal — Four “o” rings used to seal piston from leakage .

Reaction cone — Truncated conical shape on top of gunstand used to reduce the
recoil distance resulting from the firing of an anchor projectile.

Retaining ring — Ring des igned to engage the inside of the anchor flukes when
the projectile is inserted in gun barrel.

Scratch type strain gage — Mechanicil device which records loads p laced on a
sys tem by scra tching lines on a brass disc .

Serve cable — The cable attached to anchor.

Shear screws — Small set screws des igned to shear when loaded providing, a
braking effect on the anchor cable .

Tr igger plate — Horizontal flat piece attached to firing sensors or legs of gun—
stand which actuates the sear when gunstand is armed .

Unlay — To unravel a line , strand by strand .
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1 . I) I’U RPOS F

the scope cO t h i s  r epor t  includes all pertinent deveTopment and testing
of the  e x p l o s iv e  embedment  anchor  over the period 1968—1976 as related
to t h e  o b j e c t i v e  of develop ing a s u i t a b l e  method of a n c h o r i n g  small Coast
Guard a i d s — t o — n a v i g a t i o n  hu~ vs in a s h e l t e r e d  or semi—exposed  e n v i r o n m e n t .

~ I t  inc ludes  i n i t i a l  t e — t i n g ,  c o n t r a c t  deve lopment  and r ev i s ions  of
toe sy s t e m  coot  Le rat ion , l o n g — t e r m  t e s t i n g  w i t h  the i d e n t i f i c a t i o n  of
and a t t L ~n U t s  a t  s o l u t i o n s  to the problem areas . It documents ordnance
t e s t i n g  and c l a s s i f ic a t i o n  efforts and provides conclusions with regard
to the acc eptabilit y of the systen for its intended use.

2 .0 BACKGR OUND

2.1 Project Evolution

The concept  of u t i l i z i n g  smal ler  Coast Guard a ids—to—nav i gat ion
craft to dep loy and service small aids in sheltered and semi—exposed environ—
ments dictated a need to evaluate various types of lightweight anchoring
syste m s. This concept was one recommended as a result of a contracted
study of Coast Guard aids—to—navi gation operations conducted in 1970.

Prior to this concept , a limited test had been carried out on
th e Tombighee—Black Warrior River in March of 1968. This test compared
the performance characteristics of ten different anchoring systems and
prov ided recommendations for further efforts. Among the more promising
anchors tested was a Magnavox explosive embedment anchor system . It appeared
as a result of these tests that this system would fill most of the c r i t e r i a
de termined by the U.S. Coast Guard to be pertinent to a lightweight mooring
system for small buoys. Subsequently, in 1970 , a developmen t pr ojec t
was initiated to study the applicability of the explosive embedment anchor
system to the Coast Guard requirements.

The Magnavox Company had cond ucted an independent , in—house
development program starting in 1962 which demonstrated the feasibility
of the explos ive embedment anchor for part icular applications. During
1963 and 1964 , a feas ib i lity study and demonstra tion program was conduc ted
for development of the self—embedment anchor; and in 1966, subsequent
to the development of the sys tem, ocean field tests were conducted . In
1967—68, the system was further refined , and it was with this system that
the Tombigbee—Black Warrior River test was carried out . In 1970, an expl osive
embedment penetrometer system was developed for the U.S. Army Mobility
Equi pment Research and Development Center (hereinafter referred to as
IJSAMERDC). This system was designed to evaluate bottom composition/soil
strength by fir ing a small penetrome ter into the bo ttom and recording
extraction loads. This data was then used to approximate the holding
power which could be obtained from a much larger explosive anchor
embedded in the same bottom .

1
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2.2 Project I n i t i a t i o n

A proposal to design and develop an exp losive embedment anchor
SY St e n  was solicited from the Magnavox Corporation by the Coast Guard
in 1971. A contract was awarded to Nagnavox (hereinafter referred to
as m h t ~vntractor) in Nay of 1971 , and Phase I of the pro,~ran was begun .
The Phase I p a r t  of the  p r o g r a m  ca l led  f o r  d e l i ve ry  of a USAMERDC style
gunstand modified for th~ Coast Guard application and Phase I anchor projectiles
which were longer with more fluke area than those used in the USAMERDC
system . The tests were conduc ted  with the Phase I gunstand in Chesapeake
Bay off Little Creek , Virginia , in July of 1971 to determine additional
modifications to the gunstand and anchor designs which were to be incorporated
into the fina l , or Phase II, exp losive embedment anchor system . Another
significant aspect of the Phase I testing was to evolve a system for handling
the gunstand and anchors d u r i n g  t h e  a c t u a l  deployment  of b u o y s .

By April of 1972 , the prototype Phase II gunstand was ready
for testing with all modifications complete. Proof testing was conducted
at the Contractor ’s Urbana , Illinois , test facility . Several minor modifica-
tions were made as a result of this testing. The comp letion and delivery
to the Coast Guard of this modified hardware represents the point of departure
beyond which  the  Coast Guard c o n d u c t e d  its independent test and evaluation
of the  s y s t e m .  The d e t a i l s  of t h i s  phase of the  program as well as pertinent
information on the development of the system are covered in the remaining
sections of this report.

3.0 APPROACH/RESULTS

3.1 Anchor System Design, Development, Testing and Evaluation

As mentioned in the background , the Contractor had been involved
since 1962 with the explosive embedment anchor concept and technique.
Their work had evolved to a point where they had a prototype gunstand
and early design four— and two—fluked anchors which were used for the
Tombigbee—Black Warrior River test. They had been successf ul in embedd ing
anchors into ocean bottoms at water depths up to 13,680 feet in deep ocean
testing during 1964. These expendable “Scarab” anchors had been des igned
for a m inimum holding power of 200 pounds in sand - Additional refinement
and testing in 1966 was successful with six buoys deployed off Bermuda
in dep ths rang ing from 3 ,150 fee t to 10,500 feet. Two buoys were found
off station and retrieved . Examination showed that the cartrid ges had
not fired in the anchor system due to failure of the primers. This was
later traced to human error in assembling the cartridge . The mooring
tensions in the buoys deployed ranged from approx imately 100 pounds to
240 pounds depending on ocean current conditions.

During 1968 , 15 buoys were dep loyed in dep ths ranging from 5 ,520
feet to 13,680 feet off St. Croix , Virgin Islands. All 15 buoys were
successfully anchored for periods ranging up to 120 days on station .

The Coast Guard made the first practical application of the
explos ive embedmen t anchor in March of 1968 in a tes t program on the

2

-~~~~ ., ~~--~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



• ~~~~~~~~~~~ -. ‘~~~~~~~ -

Tombigbee—Black Warrior Rivers. This test was a compar i son  of “ Scarab ”
self—embedment anchors (two— and four—fluked) with eight other types of
a n c h o r s .  Desp i te  aunt problems with t h e  f i r i n g  a p p a r a t u s , the  “ Scarab ”
anchor exhibited the highest holding—power—to—we i ght ratio of all the
other types of anchors in all types of material encountered . It was concluded
at tha t t ime  t h a t  the  concept  of an exp losive embedment  anchor f o r  small
buoys was practical , but a great amount of development would have to be

• 
• done t o  provide  a r e l i a b l e  mooring sys tem.

In June of 1970 , the  USAMERDC awarded a s h o r t — t e r m  con t rac t
to the Magnavox Corporation for an explosive embedment penetrometer system.
The pene t romete r  was a smal l  explos ive  embedment  anchor  which  ~as f i r ed
in to  the  s u b — b o t t o m  and e x t r a c t e d . B o t t o m  p e n e t r a t i o n  was measured us ing
a foo tage  counter  on th e  anchor  l ine f r o m  the  w i n c h .  The f o r c e  required
to extract the penetrometer registers on a dial gage of the tensiometer.
This  i n f o r m a t i o n  was used to  p r ed i c t  the  expected  ho ld ing  power of a series
of large exp losive embedment anchors. This system was delivered to the
Army in the  f a l l  of 1970 , and f u r r h ~~r dev e l o p m e n t  work was conduc ted  on
it  in the sp r ing  of 1971. A m o d i f i e d  vers ion of t h i s  guns t and  w i t h  anchor
p r o j e c t i l e s  which were des igned fo r  the  Coast  Guard a p p l i c a t i o n  were order ed
and de l ivered  under  c o n t r a c t  in July 1971. This  system is r e f e r r e d  to
as the Phase I Explosive Embedment Anchor . The general design modifications
nade to improve p e r f o r m a n c e , r e l i a b i l it y  and equ ipment  l i f e  were as fo l lows .
( R e f e r  to F igure  1 .)

a. Leng th  of guns tand  legs was increased 6 inches to p rov ide
s u f f i c i e n t  acce le ra t ion  room for  anchor  p r o j e c t i l e  prior  to making con—
tact with the bottom material.

b.  A second s t i f f e n i n g  suppor t  r ing  was added to the  t r ipod
legs to hel p prevent  the  muzzle  b las t  f r om  bending them .

c. The lifting yoke was made stronger to prevent bending when
high loads were applied to the  mooring l ine th roug h the  gun .

d. Tapped holes  were provided  in the top p late of the guns tand
to allow mounting an experimental reaction cone.

e. The en t i re  head assembly of the gun s t and  was s t r eng thened
to better withstand the firing forces.

f .  The d iameter  of the h y d r o s t a t i c  lock w i t h i n  the f i r i ng  mechanism
was increased to reduce static friction . This was done to allow arming
to take place in shallower water. The stroke of the hydrostatic lock
piston was lengthened and an indicator added to allow visual evidence
of the safe position. (See Figure 2 .)

g. The cartridge (Figure 3) propellant charge was as follows:

30 grains Hercules No. 2400
500 grains Hercules HPC 87
70 gra ins  Dupont  IMR 3031

3
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Ia July of 1971 , the Coast Guard joined with the 1.JSAMERDC and
the Contractor in conducting penetration and holding power tests of the
Coast (;wird Phase I explosive embedment anchor pro~ ect i1e . (See Figure 4.)
t i I t - S k  e st S ~ef e  c t i duct~ d ~n CIieaap-i ~ Ray e l f  L i t t l e  Cr , - ’ ~ , ~i r y i n i a .
Ten firings were conducted with this Phase I sy s t e m  u s ing  a 2 5 — f o o t  motor
surf boat as the t e s t  platform . B e c a use  of the test craft hull configuration ,
rt-latively calm water was required to  take accurate tensiometer readings
of the loads required to ~:-:tract anchors from the bottom as well as accurate
t e ~i S n r e n e f l t  of tim e penetration into the bottom. When the  f i r st  th ree
ama -ours were fired , the anchor flukes were bent in against the shank and P
would not open when the anchor was extracted . Spacers to hold the flukes
Out from the projectile bod y and also to stiffen the fluke itself were
welded to the inside of each fluke. Upon additional firings , the tips
of the flukes then bent in. To solve this problem during the test the
flukes were reduced in length from 8 inches to 6 1/4 inches . However ,
the fluke naterial proved to be too soft and continued fluke failures j
occurred. The results of this testing are summarized in Table 1. Additionall y,
the shear pin securing the cable to the gunstand failed in four cases.
At that t ime the gunstand was retrieved by a second cable attached to
it , and the shear pin on the anchor cable was a safety feature to prevent
loss of the gunstand. Subsequent improvements in deployment and retrieval
techni ques eliminated the need for this method .

As a result of this test , numerous changes in the anchor projectile
were made. (See Figure 5.) This modified anchor projectile was tested
at the Contractor ’s test facility in October 1971. In these tests an
anchor was hand driven into a test pit (sand y c lay bottom) to depths of
six , eight and thirteen feet respectively . The anchor was then pulled
back in the respective tests to 22, 25 and 27 inches before a 500—pound
load was achieved to indicate the flukes were full y open. The peak loads
were 1,050 , 1 ,330 and 1,540 pounds respectively. The anchor was inspected
after each test , and no damage was detected . .~hen the flukes were removed
to inspect the hinge pins , one pin was found broken near the center of
the hinge , having failed in tension . This pin was rep laced and the anchor
was fired into the test pit with about 18 feet of water above the bottom .
The propellant load was reduced to 390 grains from the normal 600 grain
load to reduce penetration and allow recovery of the anchor. The purpose
of this firing was to determine if the new hinges would prevent fluke
damage during penetration . The anchor penetrated to a depth of four feet.
It was then pulled back 22 inches to a load of 750 pounds to insure the
opening of the flukes fully . The anchor was then loaded to 1,800 pounds
and allowed to s it for 16 hours , af ter which time the load reading was
1,720 pounds. A 3x4—foot piece of p lywood bur ied in the p it had been
pierced by the anchor when fired . This was partially dug out , and the
anchor loaded to 1,500 pounds. This load was concentrated on the tip
of one fluke aga inst the plywood during the extraction process. The hinge
pin sheared , causing that fluke to fall off. The remaining hinge pins
and the other flukes were undamaged , showing no signs of deformation .

Two anchors with the new fluke design were tested by the Coast
Guard in November of 1971 in the Potomac River near Fort Belvoir , V irgin ia ,
in conjunction with similar testing being conducted by the IJSAMFRDC .
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The first anchor was fired in an area believed to have a stony bottom .
The serve cable was severed , and the anchor was not recovered . The second
anchor was fired into a soft bottom. The flukes were keyed by pulling
back two feet on the cable. The load increased to about 1,500 pounds ,
and the shear p in connec t ion fa iled , preventing recovery and inspection
of the anchor.

A further result of the joint testing with USAMERDC in July
of 1971 was the incorporation of several more modifications to the gunstand
and associated equipment. The resultant gunstand and equipment are identified
as the Phase IT EEA system . The more significant changes and the reasons
for them are listed below :

a. Phase II gunstand (Figure 6).

The l i f t i n g  frame or yoke was lengthened to accommodate
the reaction cone .

An elastic cord assembly for tie down of the second cable
pack was added.

The react ion cone was added to reduce the gunstand recoil
when the cartrid ge was fired.

Bracket s to hold the reaction cone were added .

The frame structure was modif ied and ex tended to hold the
second cable pack - • 

~roper position .

b. Phase II firing mechanism (Figures 7, 8 and 8a) .

The Phase I f iring mechanism hydros tatic lock was redesigned
using a flex ible long stroke bellows diaphragm to rep lace the quad ring
seal. This reduced even further the static friction to increase relia-
bility of safe arming and re—safing in shallow water as well as preventing
contaminants and sea water from being in contact with the base of the
hydrostatic lock.

The lock—up arm was redesigned to adapt to the new hydro-
static lock assembly.

The flat nut on top of the firing mechanism was changed
to a 1 1/2—inch hex nut for tightening with a standard socket wrench .

c. Redundant hydrostatic lock (Figures 9, 9a)

The redundant hydrostatic lock for the trigger plate was
also redesigned to use a bellows diap hragm in lieu of the 0—ring seal.
This lock has a detent which , when in place, restricts the upward motion
of the trigger plate. At arming depth the detent depresses , allowing
the trigger plate to come in contact with the firing mechanism trigger
arm.

6
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In Apr il of 1972 , the final version of the Coast Guard Phase II
guns t and  (as d t s L - r ~ bed above)  was proof  tes ted  at Magnavox ’s Danville ,
Illino is , ta cility. The purpose of this testing was as follows:

a. To check out the gunstand design modifications.

b. To evaluate the reaction cone function .

c. To review t h e  new anchor design — new flukes , hinge and pins .

d. To test various serve cable types.

e .  To t e s t  the revised firing mechanism design .

A total of five test firings were completed using the 600—grain
cartridge . The results are tabulated in Table 2.

Start ing in May of 1972 , the Coast Guard conducted a long—range
testin).~ pr ogram in Long Island Sound using the Phase II system . The purpose
of this testing was to gain information on mooring loads and on the acceptability
of various mooring materials for use with the anchor system.

During the first day of buoy dep loyments the moorings of two
out o f three anchors  f ired parted when a load was app lied . The second
anchor functioned properly . There were three set screws in the anchor
shank which protrude into the cable slot. When the anchor is fired , the
end of the cable is free to move about ten inches in the slot stopp ing
when the button swaged on the cable end reaches the set screws . (See
Figure 10.) The slot is filled with a white butyl caulking material which
is intended to reduce the impact loading of the swaged end button on the
set screw material. This is accomplished through energy absorption in
the displacemen t of the caulk ing by the button during its travel through
the slot. The stainless steel set screws were sheared off by the force
of the end button impacting against them. Cadmium—plated , mild steel
set screws were procured and used thereafter; however , occas ional se t
screw failures continued to occur. Provision for two additional set screws
was made in the anchor shank in order to retain the cable/swaged termination .
Thereaf ter the set screws held in all cases , but several instances then
occurred where the swaged fitting parted the cable.

A total of 32 buoys were deployed during the Phase II testing .
Table 3 summarizes the locations , buoy type , cable , car tridge load , wa ter
dep th , bot tom penetration , cable above bottom and total cable length as
well as some of the problems encountered during the testing . During the
cours e of dep loyment of these buoys , one buoy was equipped with in—line
load measuring devices for four different periods. The first period ,
between 18 October and 11 December 1972, 1,500—pound capacity Swift self—
recording load cell (Figure 11) was placed in the mooring configuration .
The maximum load recorded was 120 pounds. A second load cell of the 
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t ype  was pLiced on the  buoy on 11 December 1972 and re ov er e d  on 26 J a n u a r y
1973. During this period the maximum load recorded was 91) pounds.

From 26 January 1973 to H F e b r u a ry  1973 , a Prewitt mechanical
s~ rat~ h type strain gauge of 1 ,500—pound capas - itv (Figure 12) was placed
on the saiot . buoy w i t h  a peak load of 460 pounds being rI -cord ed and an
average of 85 pounds over the period. On 13 February this gauge was replaced
with CiCot her of the same type; and , when it was removed on 21 March 1973,
it had recorded a 375—pound peak load with an average o~ 140 pounds through
the period.

No further readings were attempted at this time due to the hi gh
rate of cable failure and resultant risk associated with the loss of recording
devices. Insuff ili ent data was collected to draw any conclusions with
respect to average expected mooring l i ne  l oads .

Some additional equi pment and functional problems were encountered
during the buoy dep l oy : t a ’n t s  which are described below :

The primary problem during this period of testing was wholesale
failure of the mooring cables. This necessitated a program of cable and
other mooring material evaluation , which is addressed in detail in a later
section of this report.

During one firing the hy drostatic lock jammed and would not
return to the fully safe position . The bellows seal was replaced and
performance was improved . The mechanism was returned to the Contractor
for evaluation , and the internal groove of the hydrostatic lock base in
which the bellows diaphragm was seated was found to allow too much clearance.
This was corrected , and the mechanism functioned as designed , arming at
approximatel y ten feet.

A number of situations occurred where the gun did not fire after
dep loyment. These malfunctions can be described in two separate cases.
In the f irs t case , af ter following the prescribed safety features , the
unit was brought back to the surface and held there to inspect it for
the probable cause of malfunction . It was noted that the firing mechanism
hydrostatic lock had functioned in that the trigger arm had been disp laced
par t i a l ly  by the normal  upward movement of the t r i g g e r  plate. This represented
a cond ition where the constraint provided by the firing mechanism hydrostatic
lock had been removed by normal functioning of that lock but where the
tr igger had been displaced only par tially and was in a balanced position
where slight additional movement would cause the cocked spring to release
and ac tuate the firing pin. Inspection also showed that the redundant
hydrostatic lock (mounted on gunstand) was in place . (See Figure 9a.)
A boat pole was used to carefully push the trigger arm down to the pre—
displaced position prior to bringing the gunstand on board. Further inspection
on board revealed that distortion had occurred between the trigger plate
and the firing leg (Figure 13) which moves the trigger p late against the
trigger arm of the firing mechanism . The trigger plate itself was found
to be dis tor ted when a s tra ightedge was laid across its flat surface.
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It was obvious from t h ~ i n s p e c t ion tha t  the repeated acceleration loadings
of the trigger plate during firings had weakened the base material to
the point where distortion had taken place. This distortion in turn was
the cause for the malfunction and was later corrected ; however , it was
found that the condition would continue to recur after one or two additional
firings .

In the second case it was observed that the hydrostatic locks
had functioned properly and the firing mechanism had actuated with no
cartr idge detonation resulting. Upon retrieval of the gunstand and careful
removal of the  c a r t r i d ge , it was p laced in the  s torage  magazine . La te r
inspection of the cartrid ge showed tha t the firing pin had contacted it
but that the firing pin impress ion on the pr imer was reduced compared
to the same impression on the primers of cartrid ges prev iously de tonated .
Subsequent measurement of a new firing pin aga ins t the used one revealed
that the used pin was worn down .013 inches from the free length of the
new one. This was determined to be the cause of the malfunction .

One other problem involved the reaction cone . The thin aluminum
cover began to tear at the corner of an opening for the lifting handle.
The polyurethane foam in ~he chamber adjacent to this tear began to crumble.
The f i r i n g s  were comp leted using the torn cone . The Lone was replaced
with 1/16—inch sheet aluminum stock and a less rigid foam than that previously
used (Fi gure 14) . Buckling continued to occur , and a ri gid , non—foam—
filled reaction cone was successfully developed and used as a replacement
(Figure 15).

One gun barrel failed toward the end of the Long Island Sound
testing (Figure 16). It is estimated that the  to t a l  number of firings
with this barrel was approx imately 100 (the Contractor ’s recommended replace-
ment life of the barrel).

3.2 Mooring Material Investigation and Evaluation

This section deals with the mooring system and related problems
which developed in the course of evaluating the explosive embedment anchor.

Of the 32 firings where buoys were attached to the mooring cable
none remained on station more than 13 months . Of those buoys accounted
for , 16 sustained mooring cable failure , 1 anchor shank failed , and 4
buoys failed. The remainder of the buoys were never found . Two different
cable types were employed during this period :

1,1.19 armored — ACCO
7x7 jacketed — MacWhyte

The examination of those cables recovered showed two groups of failures ,
each of which showed cable kinking . (See Figures 17 and 18.)

12
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The first five failures occurred 39 to 50 days after dep loyment
of buoys. Three of these buoys were recovered , and examinat ion showed
the f a i l u r e  in two cases to be in the area where the cable was attached
to a cleat while the buoy was being attached to the cable prior to launching .
The combination of small cleat radius and stress p laced on the cable by
the boat mooring load put permanent kinks in the cable. Four additional
cab le failures appeared to result from the same cause , although much less
sever e, as indicated by longer time to failure . To preclude further cable
damage in future deployments , the cleat was rep laced by a bollard with
an 8 1/2—inch diameter (39 times the cable diameter).

The second group of fa ilures occurred on buoys deployed af ter
the bollard was installed. This type of failure occurred primarily within
15 feet of the anchor. Sample failed cables sent to the manufacturer
revealed failure of up to 12 strands of the 19 total strands to have occurred
in the torsional fatigue mode. Thus , it was concluded that the natural
torsional unlay ing of the cable from hockling during the firing process ,
suc ceeded by repea ted buoy load ings , was caus ing the cable to fail in
an area where it previously had kinked . This area primarily is in that
portion embedded in the bottom or just above it.

Three pos sible causes were identified for cons idera t ion as the
reason for the kinking.

a. Kinking as the cable is accelerated out of the cable pack
due to the muzzle velocity.

b . Kinking might occur by the cable striking the gunstand during
firing.

c. Kinking might occ ur under deceleration when the cable piles
up on the bottom.

During 1973 and 1974 various approaches were pursued to attempt
to solve the problems of cable kinking and subsequent torsional failure .
The principal ones explored are discussed below .

a. A “plywood pack” faking board (Figures 19 and 19a) used
in place of the figure—eight pack gave better results with less kinking.
By using a more flexible 3xl9 jacketed cable , even better results were
shown , although contact with the gunstand and hard ground removed some
of the jacketing from the cable.

b. A test was conducted in which a 29—foot section of cable
was fixed to a crane at its upper end with a weight equal to 10 percent
of its rated breaking strength suspended from its lower end . The weight
was rotated several times, building up a torsional stress in the cable ,
the weight was restricted from unwinding and the cable/weight was lowered
to the ground , relaxing the cable and causing it to coil. Upon lifting
the weight from the ground , permanent kinds were formed . This test
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showed that a 3x19 torque balanced construction offered the best resist-
ance to unlaying and a greater resistance to kinking than a lxl9 or 7x7
strand construction .

c. A total of 30 additional test firings were made in this
period. Failures of the various mooring materials prevented the accumu-
lat ion of long—term holding power data. Testing was conducted on three
coated cable types: MacWhyte 3x19 Nilspin, Mac ’~Thyt e 7x7 Spacelay , and
1/2— inch jacketed nylon . Test emphasis was directed toward obtaining
a mooring material and/or mooring material packing process wh ich would
greatly alleviate , if not eliminate , the serve cable kinking problems
which had hampered progress to date.

During this period of the evaluation , two of the three gunstand
legs were removed so that an aluminum “can” with the mooring material
wound inside could be tested . Figure 20 shows the gunstand with “can ”
in place with the gun barrel through its center. Nine firings were made
with this setup using the  3xl9 N i l s p i n  and the 1/2—inch jacketed ny lon
attached ta  anchor projectiles with the flukes removed for easy retrieval .
The cable jackets of both types were damaged in several areas and kinks
were formed in the steel cable. The jacket damage was believed to be
caused by the cable protruding through the gap in the can so a piece of
aluminum was fitted across the opening. Subsequent firings showed jacket
damage as well as kinking in the steel cable. An examination of the gun
barrel revealed markings as though the cables were be ing drawn around
the barrel , poss ibly form ing kinks. The can was placed on the outside
of the barrel (Figure 21). Several test firings were conducted with this
arrangement using 3xl9 Ni lsp in and 7x7 Spacelay cables.  Jacket damage
and kinking still occurred . The cables were spirally wound in the cans
in a coun te r—clockwise  d i r ec t ion  s t a r t i n g  at the  top ed ge and br ing ing
the end out through the slit in the side at the bottom. The cable was
held in the can by the use of 3M Industrial Adhesive #847 applied to the
inside wall of the can .

The 1/2— inch jacketed nylon line (Figure 22) was affixed to
an anchor without flukes by means of a shor t “pigtail” of lxl9 armored
cable. This system worked well without kinking but the mass of the jacketed
nylon reduced the  pene t ra t ion  capabil i ty of the anchor.

In order to reduce the kinking of the steel cable , a tes t was
run in which lxl9 ACCO cable and Macwhyte 7x7 Spacelay cables were wound
on a mandrel putt ing a reverse twis t in the cable for each turn on the
mandrel. The cables were slid off the mandrel and into the aluminum can.
The kinks were greatly reduced but were still considered unsatisfactory .
(See Figure 23.) A third cable was wound on a ring buoy with a 20—foot
lead between the gunstand and the ring buoy . This cable showed no kinks,
but the cable parted due to the high inertial load imposed by the cable
and ring buoy on the anchor . Figure 24 shows the arrangement used for
this test.
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Two types of chain were evaluated at this time . These were
1/8— inch proof coil #316 stainless steel and #4 straight link proof coil
galvanized machine chain. The chain was coiled in the aluminum cans and
held in place by #20 soft copper wire at six equi—distant points. (See
Fi g-i re 25.) Several test firings were made of each type . A short “p igt ail”
of cable was attached to an anchor without flukes for easy recovery.
These ti-its we re successful with only a slight elongation of links on
the stainless steel chain and one bent thimble on the galvanized steel
chain. Several attempts to set buoys with the stainless steel chain met
with failure due to parted links or the “pigtail from the anchor parting
(Figure 26). The galvanized #4 straight link proof coil machine chain
(Figure 27) was used with partial success. One buoy was set , and in other
attempts the “pigt-d l” failed as in the case with the stainless steel
chain.

Attempts were then made to reduce the impact loading on the chain
links which was causing them to fail. Two different concepts were used to
achieve t h i s .  In one case , a small diame ter nylon cord (3/16 to 1/4 inch)
was rove through the ind ividual chain links and secured at each end of the
chain (Figure 28). The length of cord used (10 ft.) was less than the length
of chain it was used on (12 ft.). The effect of this cord was to provide
a “spring ” in the chain as well as provide a cushion between the individual
links , thus reducing the link—to-link impact loads by absorb ing energy in
elongation of the ny lon cord . This method was generally found to be success—
ful in that the cords elongated and parted in some cases (Figure 29) resulting
in reduced incidence of chain elongation and failure .

One other method was used where the free length of chain was
reduced by “compress ing ” each individual link rela tive to one another and
potting this reduced chain length in a liquid rubber (G.E. RTV 100) which
later cured to an elastic state (Figure 30). An example of the result would
be a 12—foot free length of chain which can be “compressed” to 9 feet.
Once potted in the rubber it becomes effectively an elas tic band which can
elongate three feet before the individual chain links come into contact with
each other . Tests with this method proved successful in practically elim-
inating any effects on the chain material.

Although these methods would indicate a po tentially effec tive way
to achieve success wi th a moor ing for use with the exp losive anchor sys tem ,
it is misleading . The addi t ion of the mass to the chain (par t i cu la r ly in
the case of the rubber compound) tended to greatly increase the iner tial
loading on the serve cable/swaged button - connection causing persistent
failures at that point.

3.3 Shore and Shi pboard Transportation Handling and Safety Considerations

3.3.1 Equipment and Handling

In order to facilitate handling of the explosive embedment anchor
system , carry ing cases were provided to transport the elements of the
system from shore storage to a vessel. These consisted (Figure 32) of
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a propellant cartrid ge box , anchor p r o j e c t i l e  and cable pack box , r e a c t i o n
cone box and a gunstand box (with a removable servicing ra- -k)(F i gu re 33)
tor use on dep loyment vessel. A shi pboard magazine which holds one propellant
cartrid ge box wi th 15 cartrid ges was utilized during deployment (Figure
3 4 ) .  The a c t u a l  dep lovn ~-n t  procedur e developed as a r e s u l t  of t he  t e s t i n g
f o l l o w s :

a. The boat was headed into the wind and current ahead of the
buoy s i t e , and the boat ’s anchor was dropped . The boat was allowed to
drift back to the site and a strain taken on the  boat ’s anchor l i ne .
(In earlier testing the gunstand was lowered and the boat secured to the
anchor cable after the anchor projectile had been fired. This led to
p r e— l o a d in g  of the anchor prior to securing the buoy . It also caused
some cable k i n k i n g  when a small  cleat was used to secure the cable.)

r b. The gunstand was lowered by hand to one—half to three—quarters
of the  dep th , held  u n t i l  i t  was p r o p e r l y  o r i e n t e d  v e r t i c a l ly , then allowed
to f r e e  f a l l  to the bottom .

c. [pon firing, the gunstand is recovered by hand , requiring
a minimum of three men to haul it up. The retrieval of the gunstand required
t h ree  men to  manhandle  it aboard safely.

H a n d l i n g  equi pment ins ta l led  aboard the test  boat consis ted
of an electro—hydraulic crane with a lifting capacity of 1,000 pounds ,
a winch capable of a 3,000—pound pull at a rate of 30 feet per minute ,
a ster n roller mounted on the transom and a bollard with 8—inch diameter
post s located just forward of the stern roller. (See Figure 35.)

3.3.2 The Cartrid ge and Other Safety Considerations

The car tridge (Figure 36) was assigned a Class “B” classifica—
don (Append ix B) by the Bureau of Explosives of the Association oi American
Railroads. A Class “B” powder—actuated device must be stowed and transported
according to the Code of Federal Regulations , Tit le 29 , Section 1919.109.
This sect ion requi res  s torage in a Class II magazine . Transpor t ing  of
the car tridge over the road would have to be only on des ignated roads
and could not be through populated areas. The vehicle would have to be
marked with the words “Explosive B” on both sides and the driver must be
21 years of age or older.

Six cartridges were vibration tested at Inland Laboratories
in Chicago , Ill inois , according to Aberdeen Proving Grounds Material Test
Procedure 4—2—804. Two were vibrated at room temperature , two at 145°F
and two at —50°F. One of those vibrated at room temperature failed to
fire on the first try although the firing pin indented the primer. A
second firing attempt of the same cartridge failed also. All of the others
fired properly when tested on the Contractor ’s test range. The results
were compared with the firing pressure of non—vibrated cartrid ges as follows :

a. Room temperature vibration — Same peak pressure as non—vibrated .
One misfire with no results.
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b. +145°F’ temperature vibration — Reduced by 1,000 psi from
non—vibrated pres sure of 47 ,000 psi .

c. —50°F temperature vibration — Reduced by 2,000 p s i  f r o m
n o n — v i b r a t e d  p ressure  of 47 , 000 ps i.

The c o n c l u s i o n  drawn f r o m  t h i s  t e s t i n g  was t h a t  the  v i b r a t i o n
and t empera tu re  “~t r i a t i o n  did a f f e c t  the  p e r f o r m a n c e  of the  c a r t r i d g e .

The loss in p res su re  in the  145 ° F t e s t  cou ld  be a tt r t hu t e d  to
reduced friction between the propellant particles allowing increased impact
torces. The 50°F test showed a larger effect on performance. It could
be s p e c u l a t e d  t h a t  the  cold t e m p e r a t u r e  caused condensa t ion  of w a t e r  vapor
inside of the cartridge wetting the propellant and primer plus some degradation
due to the  v i b r a t i o n  caused a lowered ;~ -ak pressure .

Appendix  A c o n t a i n s  d e t a i l e d  s a f e t y  i n s t r u c t i o n s  and p r e c a u t i o n s
which  must  be obse rved  in the h a n d l i n g  and ope rat ~~~n of t h e  EEA sy s t e m .

3.3.3 In—Air Safety Test

In order  to eva lua te  what  could happen in the event t h a t  the
guristand was fired accidentall y on board a dep loying vessel , a test  was
conducted at Naval Underwater Systems Center , Newport , Rhode Island , in
August of 1975. The gunstand was positioned above a 1/4—inch 6061 T6
aluminum plate (representing an e x t r e m e l y  conserva t ive  aluminum hu l l  th ickness)
in a s tand which  suppor t ed  bu t  d id  not r e s t r a i n  it. The safety locks
were removed , and a mechanical triggering device installed in order to
fire tiie gun f rom a remote  p o s i t i o n  50 f e e t  away.  Two tests were per formed
in order to observe the safety hazards inherent in an accidental firing.
In the first test , the  anchor p r o j e c t i l e  cleanl y p ierced the 1/4—inch
plat e (Figures 37 and 38) then travelled a distance of 40 inches to the
ground and penetrated the hard packed clay—gravel earth a distance of
21 inches. The gunstand rose 9 f e e t  in the air , turned 180° and landed
on the  r eac t i on  cone about ten f e e t  f rom the test stand . In the second
test t he  p ro j ec t i l e  passed cleanly through the plate and penetrated the
earth a distance of 18 inches, The gunstand rose approximately 11 feet ,
did a 360° turn and landed on the firing leg about ten feet from the test
stand . In both cases the mooring cable payed out freely and remained
attached to the projectile. Still pictures were taken of each test (Figure
38) to aid in evaluating quantitatively the effects of an accidental in—
air firing of the gunstand .

3.4 Related Studies

This section reviews three studies pertinent to the explosive
embedment anchor program and the effec t genera ted in light of their conclusions.

3.4.1 Anchor Load Stu4y~

An analytical anchor load study performed by the Civil Engineering
Laboratory , NCBC , Por t Hueneme , CA , to determinc the capability of the
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explosive embedment anchor to withstand various loadings imposed by Coast
Guard buoys subjected to prescribed wave and current conditions. Specificall y,
the study t - x a m i n i d  lo ad ing  under maximum desi gn c u r r e n t  with 10— and 2—
foot waves. Performance in that maximum ( 1 0 — f o o t )  wave w i t h  3—knot  c u r r e n t
and a normal wave (2 f e e t )  w i t h  a 3—knot  c u r r e n t  are  shown in Tables 4
and 5 respectivel y.

The r e su l t s  of t h i s  s tudy  showed the e;’p losive embedment anchor
to appear to be a u s e f u l  device f o r  m ooring sOme Coast Guard aid—to—navigation
buoys , especially the sixth class standard and lightweight p lastic types.
Other buoys may be moored in the conditions noted providing the bottoms
consist of coarse sands or stiff clays.

3 . 4 . 2  Lig h tweigh t  Anchor Study (Reference a) - -

This study, conducted by the U.S. Coast Guard Research and Development
Center  in 1975 , was of great significance to the exp losive embedmen t anchor
project. It examined the replacement of concrete sinkers with other anchor
types to reduce the cost of operating the system of small navigational
buoys. Sets of requirements were defined tha t identif y the anch ors sui table
for use in several operating systems . A ranking system was devised to
give each anchor a series of scores relating to its desirability in the
various situations. The highest scoring anchors were discussed in terms
of their potential for improving the buoy mooring operation . The ranking
system evaluation criteria used as a basis for determining suitability
fo r  an an chor for  mooring the smaller classes of Coast Guard buoys are
listed below :

(1) Reliability
(2) Performance
(3) Safety
(4)  Cost
(5) Installation characteristics
(6) Transpor tab ili ty
(7) Availability

~8) Compatibility

These factors were further divided into sub—elements which further defined
anchor characteristics and each was assigned a percentage value which
contributed to the total value for each factor.

The conclusions reached regarding the explosive embedment anchor
were tha t i ts  applicability to the mooring situations described (which
were determined to be those which a Coast Guard aids—to—navigation boat
would encoun ter mos t frequently) was in the lowest ranked group in every
case along with other high rate of energy embedment types. From these
rankings it was readily apparent that other anchoring systems showed much
more promise of achieving the criteria for a ligh tweigh t anchor sys tem
for small buoys . These results led to a risk analysis type study which
evaluated the associated risk of continuing with the EEA program against
the Coast Guard operational requirements ori ginally set down for  the anchor
system.
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3.4.3 Risk Analysis of the Explosive Embedment Anchor

In light of the results of the lightweight anchor study, a risk
analysis of the successful completion of the explosive embedment anchor
project was undertaken in the summer ot 1975. The approach taken was
to evaluate the anchor against other candidates for fulfilling the same
requirements and assigning numerical values to whether or not a candidate
has met a requirement partially ,  f u l l y or no t at all , as well as whe ther
a r i sk  was not app l icable .  c’Jeight ing f a c t o r s  were assigned to each of
the evaluating criteria indicating the relative importance. This ranking
is consis tent  w i t h  the order of importance assigned the eight anchor system
ra ting features used in the lightweight anchor study . To develop a weigh ted
score simp ly multiply the weight factors by each of the unweighted element
scores and t o t a l .  Div id ing  by the number of rating fea tu res gives a weighted
average score. Comparison then of the  exp los ive embedment anchor score
and the “other candidates ’” score can be made as to the r e l a t ive  r i sk
associated w i t h  achieving success in satisfying the stated requirements.
The results are shown in Table 6.

Upon reviewing the summary results , Table 6 , it was con c lud ed
that the risk of achieving success in satisfying the operational requirements
with the exp losive embedmen t anchor sys tem was high compared to o ther
candidate anchor systems.

4.0 CONCLUSIONS

The exp losive embedmen t an chor sys tem could be developed in to a usef ul
buoy mooring tool. However , in view of the many pr oblems encoun tered
throughout the entire project to this point , it must be concluded tha t
the concep t was not compa t ible wi th Coas t Guard opera tional req uiremen ts
in that  conduct ing  a f u r t h e r  extensive e f f o r t  to pe r f ec t  the system was
not acceptable.

The principal area which has not been satisfactorily evaluated is
the mooring material selection for durability, reliability and operational
deployment. All ma te r i a l s  and conf igura t ions  chosen fa i l ed  to be compatible
with the anchor system and extended service requirements.

Other problems encountered included the failure of the hydrostatic
lock in the firing mechanism to properly arm the gunstand. Coupled with
this on occasion was the distortion of the trigger plate in later testing
when two of the firing sensor legs were removed , and the worn firing pin
which would not detonate the primer . These problems created a definite
safe ty hazard in the retrieval of the gunstand and subsequent disarming
of the firing mechanism and clearing of the bore.

The stringent requirements for transport of the cartrid ges created
less than satisfactory conditions for everyday usage of the system .

21

______ 

p
III. - . --—-—‘—,---—.—— — ———- ——- —-—— ._

- - -~~~~~ --- --- - ~~
- 

— -44



- --, ‘

The cost of the system was high compared to other methods as seen
in reference a. The acquisition cost of gunstands , an chors and car t r idges
escalated rapidl y during the course of the project and further testing
and evaluation would be costly in terms of the risk issociated with successful
operation of the unit for the intended use.

There is no question that the explosive embedment anchor has the
capability of holding certain buoys (e.g., 5th class and 6th class river
type buoys) on station . However , it must be concluded that the financial
expenditure is not worth the risk to attain that goal at this time .
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( F I G U R E  8) 
F

QTY 

~~~ — 

DE SCRIPTION

1 1 Bod y, Fir ing Mechanism
2 1 Lock—Up Arm , Sear
3 1 Lever , Tri gger
4 1 Pin , Roller
5 1 Roller

6 1 Spr ing
7 1 Roll Pin 1/4 Dia. x 1/2 Long CRE S
8 1 Roll Pin 3/32 Dia. x 1/2 Long CRES
9 1 Roll Pin 5/32 Dia. x 7/8 Long CRES
10 2 Washer , Thrus t

11 1 Re taining R inge
12 1 Sear
13 2 0—Ring
14 1 Piston , Lock , Hydrosta t ic
15 1 Rolling Diaphragm

16 1 Spring,  Comp . -
;

17 1 Shaf t , Reset —

18 1 Cap , Rese t Shaf t
19 1 Buf f er
20 1 Plunger , Side Mov ing

21 1 Spring , Comp .
22 1 Plug,  Plunger End .
23 1 0—Ring
24 1 0—Ring
25 1 Pin , Firing

26 1 Retainer , Fi ring Pin
27 1 Spring, Comp .
28 2 0—Ring
29 1 Retainer
30 3 Screw 1/6—32 x 1/4 Long Pan Head CRES

31 AR Molysulfide (M0S2)
32 AR 55M Grease
33 1 Retainer , Hydrostatic Lock
34 1 Lock Pin
35 4 Screw #6—32 x 1/4 Lg. 100° Fla t Head CRES

36 1 Bail

Figure 8a. Nomenclature; Phase II firing mechanism schematic.
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APPENDIX A

SAFETY PRECAUTIONS

A .l General — The Explosive Embedment Anchor System , if not handled
properl y and wi th proper pre cau tions , can be an extremely dangerous dev ice to
all personnel within range of it. This range can be quite far. For instance ,
if the projectile for some reason were fired in a straight—up direction with a
muzzle velocity of 500 feet per second and with a drag coefficient (Cd) of 1,
the projectile would attain a height of over 3000 feet. Fired in a horizontal
direction it would be extremely dangerous to personnel within one—half to one
mile away . Therefore , it is imperative that the gunstand loaded with a projec-
tile always be pointed downward and that personnel adapt a policy of standing
off to one side of the potential bounce path of the projectile while working
on the boat .

A .2 Safety Proced ures

A.l.l Summary of Important Safety Rules — The following rules should
be observed by all personnel involved in operating the EEA .

a. Never stand in front of the gun barrel muzzle even though
not loaded .

b. Never stand directly in line with the potential bounce
path of the projectile .

c. Never install a cartridge unless ac tually loading the gun—
stand , in wh ich case , the procedure is ALWAYS install —— first the projectile ,
second the car trid ge , and third the firing mechanism.

WARNING

If this procedure is not followed, a serious
accident could happen. For instance , if a
car trid ge is inser ted f irst , the firing mech-
anism screwed into the breech block par t way
(but not yet reset), and someone snaps the
projectile in place and it overshoots slight-
ly ,  the projectile may rain the cartridge up
into the pro truding pin of the firing tuecha—
nism causing the pin to de tona te the car trid ge.
The resultant muzzle blast of the projectile
and gunstand displacement could blind, blow
off both hands, or may be le thal to personnel
Involved.
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d. Never install the firing mechanism in the breech block
unless actual ly loading the gunstand. For example , don ’t screw the firing 6

mechanism into the breech block just to store it until ready to use it. Always
store it in the mounting provided on the servicing rack.

e. Never , under any circumstances , install the firing mechanism
unless the firing mechanism has been reset and the firing pin is not protruding
out the bottom of the firing mechanism.

f. Never reset the firing mechanism while it is still in
the gunstand . Always reset the firing mechanism while it is secured to the
servicing rack.

g. Never load the gunstand unless it has been secured into the
servicing rack. This assures a safer , stable unit to work on in the presence of
boat oscillations .

A .3 Hang-Fire Situations

A .2.l Definitions and Causes — If the gunstand has been deployed to
the bottom and has failed to fire, it must be immediately handled as a hang—fire
situation . (THE LOADED GUNSTAND MUST BE HANDLED AS IF IT WERE GOING TO FIRE AT
ANY MOMENT.) Possible causes for a hang—fire situation are given as follows :

a. In sufficient water depth to arm hydrosta tic lock—up on
firing mechanism or gunstand.

b. Pin is sheared which connects the firing mechanism trigger
to sear shaft.

c. Firing mechanism reset shaft not properly seated in firing
mechanism and extending over gunstand triggering ring restricting the trigger
ring f rom pushing up on the tr igger.

d. Firing mechanism not seated all the way against propellant
car trid ge.

e. Firing mechanism not reset (cocked).

f. Damaged firing mechanism. Identified by:

1. Sear lock—up arm dragging on the hydrostatic lock.

2. Force required to arm hydros tatic lock too hi gh (drag-
ging problem).

3. Damaged internally by high pressure gas, corrosion , or
abnormal wear.

4. Pin which connects trigger arm to sear is sheared .
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g. Water in firing mechanism due to damaged seals or from
t-n trv through the firin g p in hole prior to installation on the gunstand .

N~YI l-1

An appreciab le amount of water from a leak
may keep the hydr ostatic lock from arming
the firing mechanism no matter how deep the
unit may be l owered.

h. Gunstand hydrostatic lock not arming due to:

1. Damaged d iap hragm letting in water.

2 . Internal damage or corrosion in plunger causing it to
lock in the ex tended  pos i t ion .

I .  (;unstand did not c o n t a c t  b o t t o m .

j .  Bo t tom sensing mechan ism on guns tand  not  f r e e  to move in
gunstand due to foreign material or damage .

k. Propellant cartridge not installed •

A .3 Handling and Safety Procedures — For hang—fire situations , observe
the following:

A .3.l Keep the gunstand suspended overboard with gunstand near a
vertical position and the anchor pointed toward the water. Personnel must stay
at least six feet away from the gunstand.

A.3.2 Prevent excessive swinging as much as possible by securing the
gunstand with lines or other means. Personnel must continue to remain at least
six feet away from the gunstand.

A .3.3 Keep the gunstand suspended overboard for the period of t:~me
req u ired by U. ~~ . Coas t Guard proc edures fo r  mis f ire handl ing before attempting
to inspect the gunstand to determine the cause of failure to fire . A~ tcr the
required time (cock—off time) has elapsed , proceed with the followini, procedures
in the order listed :

a. Keep gunstand in vertical attitude (over water).

b. Rotate gunstand (with boat hook) until open side is toward
you , handle gen tly, do not jar or bolt.

c. Reach in through open side of gunstand with boa t hook or
other long tool and pull form collar down and off of anchor. The anchor should
f all ou t of gun barrel , if not , remove it carefully by sl ightly opening flukes
to release them from anchor retainer. Disconnnect and remove the cable packs.
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CAUTION

Continue to handle with care , ~~p~~tand is
still dangerous. If the unit should fire,
the bore seal will  ex it the gun barrel like
a bullet. (See WARNING note , Sec tion ‘~.2.)

d. Visually inspect gunstand , guns tand hydrostatic lock , and
fir ing mechanism for cause of failure to fire . Govern your procedures accord-
ing the your findings.

e. Carefully remove firing mechanism.

f. Remove propellant cartrid ge , use bore cleaner knock out
tod if necessary .

g. Do not reuse propellant cartrid ge if pr imer has been den ted
by f ir ing p in.

h. If misfire has not been determined yet , continue checkout
of gunstand and firing mechanism for cause of failure to fire. Refer to list
of possible causes in paragraph A .l.l as an aid.

i. The guristand should not be reloaded until cause of failure
is determined and corrected .
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