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NAVSHIPS TRANSLATION
NO. 1238

UNDERWATER SHIY REPAIR*
* By N.M. Madatov

Annotation

During the operation of ships, it is possible to have a breakdown
of the propellier, rudder and other devices, including the bottom and
hull fittings; the hull of a ship or vessel may have sustained combat
or navigational damage. The problem of the present reference handbook

= is to ipstruct and to provide practical advice or how to eliminate the

gf{ malfunctions of the -ritally impor 'ant devices and systems, how to stop

h leakage and to repair ruptures in the ship hull while waterborne, without
resorting to the aid available at a dock or shipyard.

f;:} The individual malfunctions of the units, systems and equipment and

. also damages to a ship hull can be repaired more rapidly with the use of
underwater shiy repair and the repair will cost less than during docking
since it is expensive for a ship to be drydocked. At the jresent
time, withthe dispersed basing of ships, the necessity for repair away

from the main repair bases and the docking facilities is growing; i
- therefore, a knoewledge of the underwater ship repair techniques is ac-

griring considerable importance,

The author has described in detail the technological methods and op-
erations of underwater ship repair, including with th: utilization of
underwater semiautomatic¢ welding and cutting of metels, underwvater paint-
ing and other tasks, the technique for which has been dwveloped in recent
years. A review is mude of the offect of the underwater ship repair meth-
ods on the expansion of the production potentialities of the shiv reypair
f;; enterprises for providing the repair of the submerged section of the hull

’ and of the importaut units on a ship or vessel; hs also discussss the seo—
quence of performiug underwater ship repair under autonomous counditions
by the personnel at the underwater ship repair stations and by the crews

i on board the ships. He explores the questions of the tcchni~al monitor-
f*? ing and safety techniques involved in underwater ship repair. The re-

J gquired refe¢ren.e waterials are included in the book.

—_-t

* Translation of: "Podvodnyy Remont Korabley i Sudov", Military Press
(see footnote continued on next page).
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Annotation (cont'd)

This reference handbook is intended for the engineering-technical
workers, diving aspecialists, experts and crew members at the underwater
ship repair stetions, for the crews on ships in the navy, merchan%
marine and commercial fleets, instructors, military schocol students
and stucents at naval training establishments. It is also of interest
for a broad group of readers since it makes one familiar with a prom-

ising type of ship repair.

PREFACE

The ability to repair the combat~ and navigation-caused damages to
& hull, to fix or to install new bottom and hull equipment, and to re-
pair the propeller, rudder and other units o.. a ship while waterocrne
without the stopover of the ships at a dock or on rigid supperts (ship-
yard) has much importance in the struggle for the viability and wmainten-
ance(of ships and of the navy as a whole) in operational readiness.

The performance of the various individuel tasks by the methods of
underwater ship repeir permit the savings of considerable resources,
since repair away from a dock while the ship is aflcat .s cheaper than
the repair al the dock, as a resuwlt of #liminating the expenditures for
the dock operetion.

The continuous improvement of the technical equipment and the tech-
niques of performing the underwater ship repair tasks requires the part-
icipants to understand the techrnological processes which are utilized
during the undervater ship repair; the divers and ship repairmen must
have the ability to make skillea use of the procedure involved.

In the periodical literature, a certain reflection has been found
only by the questiecns oi underwater welding and cutting, while the re~
maining questions inv.:lved in underwater ship repair have been clari-
fied very little in the available literature.

In the present handbook, we have attempted to systematize the most
significant questions in the technology of underwater ship repair. In
the book, we have generalized the rich experience acquired by the under-
water ship repair stations both during World War 2 and in the postwar

period.
-

of the USSR Defense Ministry, 280 pages, Moscow 1965.




Initially in the book, we have reviewed the preparatory and then
the fitting and the hull tasks. Special chaptexs have bean davoted to
underwater welding and cutting, as the most complex technolegical
processes; the application of these processea ias presented in the
appropriate places in the description of the hull and metal working-
repair activities. Such specific jobs as the cleaning and paintiug
of ships underwater have been included in a separate chapter. At the
end of the book, we have listed the refereuce data which could prove
useful for practitioners concerned with under.uter ship repair.

The author wishes to express gratitude to Engineers G.1. Karnaukh-
ov and A,F, Udovenko for their valuable commerts and usefvl advice
proffered during the writing of the book, and also to Engineers S.G.
Agroskin, M.M. Aleksandrov and N.A. Stoptsov for their assistance
in the selection of the material.

All comments and suggestions about the book should be sent to the
address: Moscow, K-=160, Voyenizdat.

The Author

INTRODUCTION

By underwater ship repair, weé connote the combination of the tech=

nological processes and methods in use for repairing the damage = ' ic-
ted on the submerged part of the hull and on the vitally importa: 1
its(on a ship) located below the waterliiae, while the ship is afloat,
without drydocking or bauling out; the underwater re—

pairs are achieved with the help of the diving ship repairmen.

The individual types of underwater ship repair tasks while afloat,
e.g. the removal of the propeller screws, has been accomplished in
Bussia for a long time. We are awars of the case of removing the pro-
peller screws (by use of divers) on the battleship "Mariya" as early as
1915.

Howvever, underwater ship repair received wide acceptance and recog-
nition in our country from 1941-1945 during World War 2,
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The requirement for the urgent repair of ships,with a shortiage
of ship~hoisting facilities, the development of the technique of the
undervater welding and cutting of metals in the USSR created condi-
tions for the perfermance of ship hull repairs underwater while the

ship is afloat.

The first organizers of underwater ship repeair were Engineer
Vice—Admiral I.Ya. Stetsenko and Engineer M,A. Golovastikov. Duvring
the difficult dars of the Great Patriotic War (World War 2}, the
foundations were laid for the technology of performing the repair
taske under waterr; the viability and usefulness of these procedures

ware proved.

Undervater ship repair can be conducted both in the basin of a
ship repair enterprise as well es under autonomous conditions wvhen the
ship is away from the base. In this connecticn, the repair is performed
at eny time of year, including under winter conditions and under the
ice., The ponssibility of moving the ship during its repair period is
quite important under wartime conditions. No specially equipped
shore facility is needed for the pexrformance of the work under water.
A= a rule, the underwater ship repair is accomplished in combins&tion
with the work of the main shops at & ship repair enterprise.

Undervuter ship repair is conducted at slight depths (up to 10-
12 meters), and in distinction from the familiar methods of the repair
of ships while alfoat, no special preparation of the ship is required
(careening, trimming, unloading, redistribution of cargoes, etc.).

Awong the disadvantages of undervater ship repair, we should in-
clude the requirement(for the performance of the ship repair tasks
under water) of highly qualified staffs, combining the professions of
divers and ship repairmen of various specialties (hull repairmen, fit-

ters, welders etc.).

Owing to the insignificant introduction of mechanized work and the
: specific features of diving work, the lebor productivity of the diving
: ship repairmen is still relatively low. In spite of this, underwater
ship repair is economically advantageous.

-4=




Even in the first years of the development of underwever ship re-—
pair, its effectiveness and feasibility as compared with the performance
of similar tasks at a dock (see table) were proved, since this elimin-
ates the cosis for the ship's stopover at the dock.

The performance of the larger tasxs while afloat is also advantag-
eous since, in addition to the savings in direct outlays for repairs,
the work load at the docks is simultanecusly alleviated.

In the period of W.W. 2, fairly large jobs were performed with the
underwater ship repair proceduire; fer example, on a ship having sustaired
damage to the submerged part of the stef‘n, under the supervision of Engin-
eer M,A.Golovastikov, there was perfosmed the cutting of the metal in
thy sheathing and framing with a thicuw:ess up to 56 mm. Total length of
the cuts amounted to around 31 m and the work was completed in 35

diving hours at costs amounting to 7.0G0 rubles /See Note/. Accord-
ing to & rough estimate, the performance of these same tasks at a dock
wvould have cost 35,000 rubles (K = 5). (/Note/: Here and below, the cost
of repair is shown in the old scale of prices).

Table
Effectiveness of Underwater Ship Repair (based on date from one of
the ship repair facilities for 1942-1945)

Cost of operations, vubles

|
o ~n o —_' Sevings iy ! f£icient
Volume of re- jSevings Loy ogo é-fef%eca‘ve-
Pa.ir in div- s nduc bed by‘estimtad if rubles ness .
ing=descent |psowvmter \ B=TEA P
b 3TV verforwad at 8 = b— A Ko
Ja0urs sotvnod(A)  Jdoek ( 4
P 00 2240 , 15,0
i V130 : 2480 ' 21.0
o RN 1445 ' RAE.)
1 EEVNY. 2520 3,
.,l 1020 HR) 4380 3.7
R 1720 1500 2780 : 2.5
4333 3 23340 [ 3.1
i i

Remark. A diving~descending hour is the work of a station on an
object during the stay oY vne diving ship repairman for 1 hour under

water,

In connection with the replacement of the main diesels on a tank~
er, under the supervision of Engr. A.A. Kas'yanov, 2 kingston valves
vere installed while the ship was afloat. The work was completed in
21.5 diving hours and it cost 2,170 rubles.The approximate cost of the
performance of this same work at dock would have been 5,100 rubles (K =

2.3). —5-




On » ship in the technical fleet with a displacement of around
10,000 tons, under Engr. A.F. Udovenko's guidaunce, there were psrform-
e#d the removal uvf the propellers, the pressing out {oxtrusion) of the
cagl-~iron bushings and the removal of the shafts under water. in which
cne shaft was removed together with the bushing, since owing tc the ex-
isting camber; it was welded to the bushing for a distence of 400 mm,

After the casting of pew bronze bushings and their boring, accord-
ing to the divera' information, there wrre alsc performwed under water
the pressing=-in of the bushings, the starting of the shafts ard the
installation of the propellers. The weight of the loads which were
raised simultancously amounted to around 10 tons (the shafts were turn-
ad with the propellers mounted om them). The cost of the work performed
by the divers amounted v 25,000 rubles based on rough estimates. The
performance of this work at a dock would have cost 312,000 rubles. The
examples cited testify to the sufficient maturity and effectiveness of

the underwater ship re air.

The repairs of various types of ships under water is performed by
the underwater ship repair stations (USRS). The staff of the USRS is
couposed of a director (usually an engineer-shipbuilder) (he is the
progucer of the work), & foreman, one or several team diving ship-re-
pairmen and auxiliary personnel, maintaining the bsze support ships.

If owing %o the nature of the work being accomplished the USRS
does not have sufficient personnel, additicnal workers are placed at
its disposal from the ship's crew or fron the shops a! the ship repair
snterprise for servicing the divers from the surface.

The underwater ship repeir stations are provided with the equip-
ment, tools and other material-technical gesr, including a diver's
compressor or an @lectric pump, with heavy ventilated diving rigse-—
the 3-~bolt or the SVV type (at least 2 sets), with an unue-water tele-
phone set, type GVIS or TSLV, with type PF-=1 or VF-56 lenterns for
general illumination, and the PF-2 and PFMO for locel lighting; they
are also equipped with the type PAS-400 autonomous welding rig. In
connection with the development of underwater TV, it is recommended
that the USRS also be provided with the type PTU underwater TV set.
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In addition to the equipment, the USRS is also provided with a set
of stripping devices, with attachments fo» the removal of molds, with
metal working-assembling equipment, with welding tools, with & measur-
ing instruments plant for the normal operation of the equipment aveil-
able at the USRS, with cubles, hoses, a walding cable, etc. In addi-
tion, in each individual case, the necessary equipment is prepared fox
the performance of tasks on en actual object, e.g. a box~caisson, sheets

for patching, molds, and so forth,

The ship facility of the USRS is usually provided by a harbor diving
boat, type VRD, or a self-propelled cutter, having in either cagse however

& transom-type stern.

The diving boat is provided with the required navigational equip-~
ment for coastal navigation at any time of day. When necevssary, the
USRS is assigned floating cranes or other hoisting equipmeni, As a rule,
the underwater ship repair stations form a component part of the ship re-
pair eunterprise and have the prerogatives of an independent shop or sec=-
tion. At the large ship repair enterprises, the USRS are turned over to
the hull shops.

The underwater ship repair tasks are divided into 3 main groups:
metal working-assembling (fitting), hull (including welding) and prep-
aratory (auxiliary) tasks.

The metal working-assembling tasks include the repair of the under-
wvater portion of the propeller and rudder units; repair and installation
of new hull and bottom fittings; replacement of protective rings and
other metal-fitting tasks.

Among the hull tasks, we include the laying out and removal of
ordinates and templates of the hull's outer sheathing; the repair of
holes with the installation of patches and of applied sheets; the re~
placement of individual units of sheathing end freming elements; re-
moval of leakage in the rive.ed and welded joints, removal of dents
and ridges on the outer sheathing; removal of damaged parts of the
hull; repair of holes with concrete; partial repair of the hulls on
voal en ships~——the calking of cracks, the installation of metel sheets

onto wooden sheathing; underwater scraping and painting, etc.
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Among the preparatory (auxiliary) tasks, we include: the setting

up of scaffolds and caissons; the slinging of the units and parts which
are being disagsemblad; underwatexr inapections of the various units and
the hull sheathing; measuring the clearances in the deadwood and bracket
bushings; the determination of the technical condition of the hull sheath-
ing with a test drilling, etc.

The specific percentage vZ the underwater tasks varieg in depend-
ence on the conditions of ships' operatlion, experience gained by the
staff in the USRS, and on the sophistication of the technology. During
W.W. 2, when the various types of ships sustained damsge from enemy
action, the hull type of repairs p.edominated.

In the postwar period, with the growth of the technology and cap-~
abilities of underwater ship repair and also with the change in the na-
ture of the damages, more metal working-assembling and auxiliary tasks
were performed. It is tentatively congidered that the metal fitting-
assembling tasks comprise 45~50%, the hull tasks including the under-
vater welding and cutting, comprise 20-25%, while the auxiliery tasks
constitute 25-30%.

In the light of the present-dey requirements in respect to the mo-
bility and operational efficiency of performing the tasks, the under-
wvater ship repair has a broed prospect for further development. At the
present time, an ever-—increasing significance is being acquired by the
planned nature of the preparation of the production of ship repair by
stages: in the period of planning and construction of a ship, of prep-
aration of the performance of activities in the forthcoming year, in
the current preparation of a ship-repair enterprise for the repair of
the various types of ships.

Usually the USRS is utilized at the last stage, i.e. in the refine-
ment of the volume of the repair tasks, for the performance of the emer-
gency and other operations. However, as early as in the period of plan-
ning the ships, it is feasible to examine from a design stendpoint the
possibility of the performance of the repair to the submerged part of
the hull and of the vital parts of the ship located beneath the ef-
fective waterline, utilizing the means o»f underwater ship repair.
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The potentialities and the practice of underwater ship repair
permit us to conduct the repsir tasks, especially on the ships and
vessels of series construction, according to stendardized technolog-
ical processes with a preliminary determination of the technical-
economic indexes. The employment, in underwater ship repair, of the
methods of the modern organization and preparation of production will
reduce the unproductive outlays and the losses and will raise its

effectiveness.

The use of the underwater ship repair procedures and the USRS
resources at a ghip-repair enterprisé will curtail the docking periods
of “he ships and vessels. The development has indicated that in the
current repair of a ship, owing to the performance of the dock-—type
disassembly tasks by the USRS pcrsonnel, the sojourn of a ship at
dock is reduced by 25-30%.

The underwater ship repair is an origiral reserve of ship-repair
production; its utilization wiil permit us {to perform betier and more
quickly the tasks stipulated by the 22nd Congress of the CPSYU {Com-
munist Party of the Suviet Union) for the industry of ocuzr country
in improving the techaology of all branches and forms of production,
the boosting of labor output and also in keeping the ships and ves-
sels in operational rezdiness.

CHAFTER 1
SIEPARATORY TASKS INVOLVED IN {NDERWATER SHIP REPAIR

We consider as preparatory all the auxiliary tesks, which are
accomplished in the routine of preparing for the repair of the sub-
merged part of the hull and the units of a ship which is afloat,
They do not have independsnt significance ox manifested specializa-
tion, and sheuld be performed by ull diving-ship repairmen.

Among the preparatory tasks, we include: bthe instellation of
3lings and other devices for the performance of the tasks under wva-
texr; the slinging of the uuits and parts which are being disassembled
and assembled; the use of patc :3 and of box-caissons; a diving in-
spection of the submerged part ' the ship's bull, and soc forth,
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Section 1. Devices for the Underwater Performance of Tasks

Slings. For providing the diver with a working place during the
underwater ship repair operations, use is made of the wooden and metal
slings, which are paid out over the side from the deck, and are pres-
sed against the ship hull by the under-keel (stretching) slingswith the
aid of pulleys, winches or other hoisting equipment.

The wooden scaffolds are usually of several types. A simple div-
er's scaffold is ordinarly made directly on board ship. It consists of
e shield (platform) built of boards with small timbers, to which bal-
last is fastened on cable suspensions connected with the sliding span.

In case of the simultaneous work of 2 divers or the performance
of a large volume of work, the scaffold is made with large dimensions
(Fig.1). Such e scaffold is employed for inspections, measurements, re-
moval of hull plates, for cleaning, and so forth.

Fig. 1. Wooden Sceffold: 1 - main cross beams; 2 - auxiliary

cross beam; 3 - weight; and 4 - cross connection,

The scaffold consists of 2 main cross beams (length 6~7 m) 1
and of one auxiliary cross beam (length 4-4.5 m), 2., The main cross
beams are attached to the under-keel hemp ends from the ship's side,
while the auxiliary cross beam is fastened to the main (lower) cross

beam and serves for balancing the scaffold and suspension of ballast
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3, in order to impart a negative buoyancy to the scaffold.

In respect to height, the cross beams ara arranged 1l-l.2 m apart
in order that the diver could work conveniently. The under-keal ends
should be of soft material (hemp or capron). In order that the ascaf-~
fold would not press too much against the side and would not cause
inconveniences for the diver during his work, to the ends of the up-
per cross beam 1, we fasten the crosspieces 4 made of framing pieces
with a dimension of around 1000X150X25 mm (Fig. 1/.

For the accomplishment of small ;cbs, use is meade of the suspend-
ed cages. The cage is attached to the 2 under-keel ends. A weigkt is
attached under the cage to provide it with negative buoyancy.

Fig. 2. Metal Scaffold with Extendable Supports for Werk-
ing Beneath the Bottom of a Ship:

1 - cables; 2 - under-keel ends; 3 - floor (platform); 4 -

eye; 5 = columns; 6 - shaft; and 7 - extendable support.

The metal and composite scaffolds (Figs.2,3) are employed in the
performance of the underwater tasks requiring reliable support, e.g.
during drilling, welding, cutting and the like.
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The most common design :f metal scaffolding for »>rking at the
side of a ship is a meal platform rigged with tabular supports. In
order for the scaffold to become lowered readily under the water, its
frame is made of rods or of perforates sheets. / grard rail is made
on the scaffolds; the front rail can be cpened,

For working under the bottom »f a ship, .se i . made of a scaffold
having a somewhat different design, To the platform's frame at angles,
ve weld some tubes with extensible supports. The sceffold is brought
to the work site with ropes (slings), the diver extends the sup orts
and resting them against the ship's bottom, he fastens them with plugs

or with clamping screws (Fig.2).

Fig. 3. Scaffold with Tilting Area for Working Under the Stern
Overbang (for repairing a vertical rudder): l « frame; 2 -
tilting section; 3 = wooden flooring; 4 - hinges; 5 — sling;

and 6 - attachment rings.

For working under the stern overhang during rudder repair, use is
maede of a composite scaffold with a hinged section (Fig.3). This scaf-
fold is positioned in such a way that the rudder fin would be in the
center of the scaffold's platform. This creates convenience for the
divers' work,

Buring work on the sea floor, for instance in looking for sunken
objects, the diver has a runner (leading part of rope), attached to the
sliding end, usually near the ballast. This provides the diver with the
opportunity of moving freely about the sea floor without losing contact
with the diving boat (Fig. 4).
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Fig. 4, Submerging End and Diver's Line: 1 - submerging
end;, 2 - runner (rope lead); and 3 - ballast.

If the diver has been working at a considerable depth (more
than 12.8 m), he is brought to the surface by stages, with delays
at varying depth in accordance with special tables. In this casse,
the diver trunsfers to a decompression chamber which is lowered
over the side along with the sliding end. The sliding (launching)
line is usuwlly mede of manila rope with a circumference of 75-100 mm
to which some bellast weighing 50-75 kg is fastened.

During the work from a diving boat or ship with a high side,
for lowering the diver, use is made of the diving ladders, the bot-
tom steps of which extend under the water., In the cese of perform-
ing the work at night or in muddy water, general illuminating lamps
are utilized (type PP~1 or VF-56), while the diver is provided with

& hand lantern.
-13~




Caissons. Caissons {(box-caissons, microcaissons) are used in
the patching of holes located at the level of the effective water-—
line or beneath the water at a depth up to 1 m. The box~type caisson
(see FPig. 5 below) is made from clean trimmed boards, and has three
sides plus a bottom. The ends of the side walls and the bottom are
cut to fit the ship hull configuration at the place of installing the
caisson and the joints are sealed with & cushion of black oskum,
edged with sailcloth soaked with minium. The slots in the box are
carefully calked. In order to provide great strength and to assure
the plscement of the box caisson, to its back wall and bottom from
the outer side, we attach two beams each and lugs are attached to
these beanms.

il
aarms
T A

Fig. 5. Caisson (box-iype cofferdam).

For the placing of the box caisson under the ship's hull, the
diver pulls through the under-keel ends. On deck, the ends are tied
to the bottom lugs of the caisson. On the cables, attached to the tep
lugs, the box—caisson is lowered with a boom, crane or other hoisting
device over the side and is submerged in the water. Simultaneously,
the under~keel ends are selected from the opposite side; after de-
livering the box—~caisson to its work site, these ends are fastened
tight and the caisson is pressed against the ship's side.

In order to lower the caisson more easily into the water, it
is loaded with ballast before it is moved. After the placement of
the caissor, water is pumped from it and the ballast is removed.

The repair tasks are conducted in a conventional manner.
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Patches. DPatches of various types and patch-boxes are utilized
for the temporary sealing of holes and other openings in a ship hull,
The rigid patch (Fig. 6) is made in the form of a shield of planed
boards according to the size of the hole and is coated with red lead
(minium). On the shield (screen), we place red lead=soaked sailcloth
with an overlap of 300-350 mm on the side; above the sailcloth, boards
are nailed across, and along their edges, oakum is placed in a roll
along the perimeter and is stitched with the lowered ends of the sail-
cloth., The patch connectis o5 a soft cushion against the roughnesses
in thne sheathing of the ship’s hull. For fastening the paitch to the
hele, one passes hooked bolts into the hole or lugs are driven in
downward into the beams, snd the tightening cables are attached to
the lugs. The bolts are placed on gaskets to avoid the filtration of

water,

Fig. 6. Rigid (stiff) Patch: 1 - hooked bolt; 2 - hoie for bolt;
3 = first row of boards; 4 -~ sailcloth; 5 = nails; 6 - oakun
cushion; 7 — second row of boards; and 8 -~ mat,

5

o

XXX YT

X
3
I'ig. 7. Patch-Box Mounted on Dowels: 1 ~ patch-box; 2 - angle-

2

bracket; 3 - dowels; 4 - cushion made of oakum and canvas; and
5 - sheathing of ship.
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For sealing the side openings during the repair of the king-
ston valves and of the other side fittings, use is made of a rigid
petch-box, i.e, of & patch with sides (Fig. 7 above). The patch-box
i® mounted on stretching cables or on dowels. In this case,from the
outside, an angle bracket with holes ig attached to the side of the
box. Around the perimeter of the hole or of the side opening, ace
cording to the side of the patch-box, the diver welds dowels to the
ship sheathing, or drives them in with the PDP pistol; the patchehox
is attached to the dowels.

Section 2, Rigging Tasks Involved During Underwater Ship Repair

The rigging tasks during underwater ship repair are performed
in the moving of scaffolds, the placement of patches, box-ceissons,
the removal and installation of screws, shafts, rudders, various parts,

instruments and devices,

For the achievement of the rigging activities, use is made of the
various hoisting equipment accepted in naval practice and ship repair,
beginning with the single-pulley block-and-tackle units up to a float-
ing crane, depending on the nature of the operations and the weight of
the parts involved. For the suspension of loads and placing them in a
sling, use is made of steel, fiber and synthetic cables, clamps, collars,

snatch-blocks and so forth.

Fig. 8., Marine Kknots: a - squarc hnet; b - clinch knot with 2
turns; ¢ - double c-rrick bend; d - Look knot; e - "half-hitch";
and [ - fid-type knot.
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In the underwater ship repair practice, use is made of a 6~sirand-
ed flexible steel cable with a hemp core; for the application of lash-

ings, use ig wade of seized rope,

The permissible loads on the cables and on the slinging systems

are listed in appendixes 1, 2 and 3.

For connecting the cables which are not subjected tn heavy strain,
wve employ a square knot (Fig. 8a); for the cables subjected to severe
strain and the slinging of parts, we utilize the clinch knot with 2
turns (Fig. 8b). The double carrick bend (Fig. 8c¢) is utilized for
joining ropes of varying material and of varicus sizes (circumferen~-
ces). For fastening parts to a hook in case of heavy strain, use is
made of the hook-type knot (Fig. 8d4). For tbe fast slinging of parts,
wve use the "half <hitch" (Fig. 8e), while we employ the fid-type knot
for slinging the tools for delivery to a diver (Fig. Rf).

In order that the ends of the working cables would ot wear out,
use is made of replaceable light-duty slings. The light-duty slings
are seyments of cables, in which 2 loops are made in each, with fasten-
ing eyes (Fig. 9a). Use is also made of general-purpose straps (slings) !?
(Fig. 9b), the ends of which are spliced together.

‘'ig., 9. Slings (Straps): a~ light-duty sling; and b ~ general-
purpose sling. Key: A) splice.

for the slinging of propeller screws, use is made of a main cable
fastened by a knot to the base of the blades (Fig. 10). For simplify-
ing and accelerating the tasks, use is made of conmnecting clamps and
yokes., The clamps connect the cables and slings, while the yokes are
utilized for slinging the propeller shafts, the deedwood hubs and oth-
er parts of round section (Fig. 11). In order to avoid damaging the
finish ot the propeller shaft, rubber lining is wrapped under the col-

lar (yohe).,




The connecting rigging clamps are made with varying load cap-
acity; their design differs in the fastening of the pivot bolt (GOST
/State Standards/ 2476~56). The number of the clamp matches its load
capacity. For example, No. 21 indicates that the clamp's lifting cap-

" acity is 21 tons.

Section 3. Inspecting the Submerged Part of a Ship Hull

The diver's inspection of the underwater section of a ship hull
is performed for maintenance purposes, in the presence of damages,
prior to placing the ship in a dock, in preparing a& ship for a long

voyage or upon return from one.

During ths investigation of damage, one determines its extent,
location and nature. In studying damage incurred to the sheathing,
special attention is paid to the joints (seams), slots, and to the
occurrence of dents and cracks. During a technical inspection of the
submerged portion of the hull, one checks the stern overheng, espec-
ially in the area of the propeller screws' installetion.

Fig, 10, Slinging of a Fig. 11. Slinging of a Propeller
Propeller Screw. Shaft: a - with the aid of yoke and
bracket; and b -~ with the main rope,
tied with a clinch knot.

In certain ceses, in the places damaged by corrosion, a test
drilling is made, and through the hole, one measures the sheathing
thickness. The measuring tool (Fig.l2) consists of the hollow cyl-
inder 3, having a longitudinal slot on one side, and a longitudinal
channel on the other side, Within the cylinder, one can move rod 2
having a bent sharpened end. Lug 1 is soldered to the cylinder. In
order that the rod would not turn, pin 5 is screwed into it, enter-

ing the slot on the cylinder. To the cylinder is fastened ring 7 with
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locking device 6 and with projecting-indicator 4, sliding along the
groove (slot). Along the groove on the cylinder's surface, & scale
of divisions by willimeters is etched. The ring slips freely along
the cylinder and can be held in position by the locking device.

lMeasurement of the sheathing plute's thickness is conducted in
the following manner: the diver cleans the sheet at the indicated
point of measurement, removing the fouling and rust, scale and old
paint, With a pneumatic or electric drilling machine, the diver
drills a test hold with a diameter of 10-12 mm so that the curved
end of the rod would fit into it without difficulty. The rod is
b introduced into the hole, until resting on projection 1, into the
TN sheet's outer surface. The curved end of the rod is pressed against
: the sheet's inner surface. The locking ring 7 is brought tight against
lug 5, and is fastened with locking device 6. After this, rod 2 is
raised higher and taken out of the hole.

N

Fig. 12. Instrument fer Measuring Thickness of a Sheet:
1 - projection; 2 - rod; 3 - hollow cylinder; 4 - projecting-

o

indicator; 5 - pin; 6 - locking device; and 7 - ring.

The diver places the device on the surface where rod 2 is again
sel in a position at which pin 5 rests in locking ring 7. The diste
ance between the sharpened end of rod 2 and projection 1 of the cyl-
inder equals the thickness of the sheet.

To uvoid the entrance of a large awount of water, the hole in
the sheathing is covered with a previously prepared wooden plug (dale

plnlj) .
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After measuring the sheathing's thickness, the test hole is
welded shut or a false rivet is driveu in. The water which has leak-
ed in is pumped out with the onboard weter drainage equipment.

During the inspection of the screws, attention is turned to the
condition of the blades, the presence of keying, fastening of the
fairing (whether there are any cut-off bolt heads, nuts etc.). In
the inspection of the propeller and rudder units, one checks for
the clearance between the sleeve and the prepeller shaft; the condi-
tion of the gudgeons and pintles on the rudder-post; the position of
the rudder (ebsence of sagging), and so forth.

During the inspection of the side openings, special attention
is paid to the presence and technical condition of the protectors,
end to the extent of the screens' fouling.

The diving inspection is usually conducted from an under-keel
sling (see Fig,13 below). The tasks involved in a diving inspection
are performed by the director or a senior specialist from the USRS
(Undexrwater Ship Repair Station)., On the basis of the material ob-
tained during the inspection, a technique is develcped for the re-
pair, and the required drawings or gketches are drafted.

by a Diver Using ar Under-~-Keel Sling.
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Inspection with the use of televigion permita us to seolve,

under the conditions of ship repair and of emergency life~savinag
wvork, the problem of the objective determination of the hull's condi-
tion and the position of & sbip in distress, sometimes without ‘the

participetion of a diver. A

At the present time, the domestic (Soviet) industry is making
a nuwber of units for underwater TV, developed by the Instituie of
Oceanogrephy at the USSR Academy of Sciences {ICAS), and is also
producing the type PTU~5 underwater TV sets. The transmitting TV

cameras are manulactured in two types: portable, of light weight
for carrying by the diver, and the heavy deep-water type with a

remote control mechanical system.

For the underwater ship repeair, it is most advantageous to util-
ize the special PTU~5 unit or the type IOAS set.

The PTU-5 urderwater TV unit (Fig. 14) consists of an airtigui
transmitting camera X with illuminastors, of an activation unit 2,
of an amplification and shaping unit 4, of a power supply unit 3,

a control vanel 5, and of the TV set (videoreceiving device), 6.

%

i f!

gy

e
/i

=1}

4
1
-4

PR

g ]

e |

1 = | :
- o

EL o> {

|

) R ) I

r=-=-" ‘n"( -
ey N e
13

Ol

Fig. 14, ¥TU~5 Underwater TV Eystem: 1 - camera in sealed
houging ~vith xiluminetors; 2 - activaiion unit; 3 -~ power
supply wunit; 4 - amplification and shaping unit; 5 - control
panel; and 6 - video~receiviang device.
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All the units in the system except the TV camera are located
on the surface and are instailed on the ship being repaired or on
some other ship., The power is fed from an AC network with & voltage

of 220 wv. The curvent being consumed is approximately 1 kv,
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The quality of the picture depends on the illumination of the
object and the transparency of the water. At depths up to 12 m, the

contrast images are obtained for a distance of 3-6 m.

For increasing the state of contrast, use is made of the so~
called brightening attachment, i.e. a transparent space, hollow,
filled with distilled water or glycerine,

The TV cemera can be situated at a distance up to 400 m from
the power source and the amplification unit. For practical purposes,
this is quite adequate for inspecting any part of a ship hull, the
conduct of inter-operational monitoring and evaluation of the work

performed under water.,

Fige 15. Inspecting the Ship
Hull with the Aid of a TV
Camera Suspended on an Under-
Keel Sling.

Xey; a = TV camera.

Q) Tenexumepa

The underwater TV system can be used for the inspection and
official examination of the underwater part of the outer sheathing
of & ship, the rudders, the propeller screws, the side fittings,
etc.; for establishing the sizes of the hcles, the quality of the
welding operations during the installation of patches and of doub-
ling sheets; for observing the progress of work oun the propeller
unit, especially during the removal of the screws, wvithdrawal and
movement of the propeller shafts, the extrusion and intrusion of
the deadwood sleeves; for observing the placement of & ship on
keel-blocks and cages during the docking operation, and so forth.

In individual cases when it is not possible to send a diver
down, the inspection of the condition of the bow and of the central
{cylindrical) part of o ship can be done with a TV camera, by pul-
ling it under the keel with the aid of a hauling sling from the
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upper deck (Fig. 15). In this case, the under~keel sling serves as
a guide. As needed, the un'er~keel sling iz shifted along with the

suspended camera to another section.

The inspection of the stern end is ¢cuducted with the aid of
& diver, If for any reasons, a diver can not be sent down, but an
inspecticun of the stern must be made, the TV camera is shifted from
side to si’'e on the upper deck and each side ias inspented separate-

ly.

CHAPTER 2

REPAIR OF THE PROPELLER UNITS

The repair of the propeller units will be divided into the re=-
pair of the prop:ller screws, including their disessembly and assembly;
withdrawval and installation of the propeller shafts; extrusion and
insertion of the sleeves to the deadwood and shaft brackets; and lay-
ing out the shaft's axial line.

Section 4. Repairing the Propeller Screws without Removal frcm
the Shaft Cone

The following tesks are included in +the repair of the bronze or
steel propeller screws while the ship is afloat, without removal from
thhe shaft cone: straightening the blades, trimming and filing the
damaged edges, preparation and attachment of pieces to the damaged
blades, and replacement of the blades (if the design of the screvs
permits).

In case of minor damages, the straightening of propeller screw
blades is done manually by the diver. At considereble camber of the
blades (more than 250 mm around the circumference and a bending ang-
le in excaess of 200), the screw is removed and the work invelved in

straightening and balancing it is dowe in the shop.
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Straightening tke blades under wati.r is accomplished in 2 asteps:
rough and finish. Ini4tially, from his scaffold the diver straightens
the screw with 2 sledgehammers. One ".amwor 8 h.ld under the bent blade,
vhile tue .ther, used to sirike the blade, restores it to its previous
shape. The *final straightening is accomplished with a small hammer while
a slo’gebammer is held under the blade, If the screw is large, during
the final streightening, in plece of the sledgehammer it is better to
use a template Jaken fiom a spare screw, or a special plate. The mess
of the template should be larger than the mass of the sledgehammer,
otherwise the template will move away during the blows. As a rule,
this work is done by 2 divers.

In the case of minor damages (dents, burrs and the like), the
edges of the propeller blades are filed or trimmed with a hand chisel
followed up by a filing. In the case of major damages to the propeller
blades, the damaged paris are removed by electric arc or by oxy-electric

cutting.
If the screw is made of steel, uvii ‘he basis of a pattern, to re-

place the damaged part, a piece is fabricated in the shop; this piece
is then welded to the blede under we ber., For this purpose, the point

of cutting is cleaned carefully; if the metal thickness at the point
of welding is considerable, the chamfers (bevels) are removed., After
welding the piece on, the joint{ is trimmed with a chisel flush with
the surface, is cieaned and brushed. If the screw is made of bronze
or there is no possibility of fabricating a piece or of replacing the
screw, the trimming of #1ll blades is performed according to the size
of the damaged blade.

The repair and trimming of the blades is used under conditions
vhen a ship is away from base. If the design provides for the re-
Placement of the hlade, in the case of appreciable damages, given
the availability of spare blades, the o0ld ones are replaced.

The removeable blades have flanges and are attached by dowels
or bolts to the propelier hub. The dowel heads are covered with
cement or are retained with a cotterpin,
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For removal, the blade is slung with a cable lowered from the
deck, the cotterpins are pulled, and the locking strips or dowel
heads are cleaned of cement; using a wrench, the diver then unsgcrews
the pins and the blade is raised to the surface.

The pins are often "seized" and then break. In this case, the
bits of the pin are removed from the recess but in doing so, one
should protect the inside thread in the hole as much as possible,
This job is very laborious and requires high skill. For this purpose,
with an angle drill or with a pistol type of drill, a hole is drilled
in the center of the pin, the hole size being less than the pin's di-
ameter; into this hole, a triangular or square rod is driven tightly.
To the end of the rod, a crosspiece (handle) is welded, and the frag-
ment of the pin is screwed out of the hub.

If the pin (dowel) fragment is not screwed out, in the drilled
hole, with a tap threaded in the opposite direction, we cut a thread
and an suxiliery pin is screwed in. Usually, with the help of the
auxiliary pin, we can menage to remove the fragment; however, if even
this method fails to yield satisfactory results, the fragment is dril-
led out with a pneumatic or electric drill, the hole is re~threaded
and & rew pin is made to fit the threaded diameter of the hole. Vhen
necessary, one performs a boring of the appropriate hole in the blade's
flange.

At its ends, the new blade is fastened to the propeller hub, is
moved by the diver to the site and is attached with dowels. Then, de-
pending on the design, cotterpins are inserted or locking sitrips are
installed.

The dowel heads are covered with brand 400 Portland cement. Under
the underwater conditions, this can be described better as a smzaring
with cement. The cement solution is prepared at the surface, mixed tc
the consistency of a thick paste and delivered to the diver in a closed
bucket. In order that the cement would not wash away, the smear is
covered with canvas or other cloth, and bandaged. The canvas is removed
when the cement has hardened.
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Section 5. Removal of Propeller Screws from Shaft's Cone.
Preparatory Tasks Prior to Removal of Screw from Cone

Before the removal of the screw, it is necessary to determine
its design, attachment to the shaft's cone, verify the presence of
a protective casing covering the shaft's neck, the presence of a
fairing (or of a streamlined cap nut), determine the size and numb-
er of locking devices, and so forth. In case of the application of
the explosion methed, it is necessary to measure the screw's depth
in the water and its distance from the sheathing.

The inspection and the subsequent operations on the romoval of
the screw are performed from a scaffold. In this connection, one pre-
selects the necessary tools, cables and attachments. After that, the
propeller shaft is disconnected from the intermediate one and is
blocked with wooden supports (see Fig. 16 below).

Fig. 16, Dia,vam of Propeller Shaft's Installation: 1 - pro-

peller shaft; 2 - stern tube; 3 - dum-craft; 4 - support;

and 5 - wooden stays.

Before the removal of the fairing (of the cap nut), with a
chisel or punch, marks are made on the cowl (cap nut) and on the
propeller hub so that during reassembly, one would prreserve the
correct setting of the feiring or tension of the cap uut. Then the
diver unscrews the locking bolts or screws retainino the fairing

or the streamlined cap nut.

On the screws which turn to the right, the cap nut haes a left-
hand thread, and vice versa. For turning off the cap nut, one uses
& long~handled wrench or a ratchet wrench and the nut is tied to a
rope sling lowered from the upper deck. At a signal from the diver,
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with the aid of a capstan, winch or by hand, the sling is hauled and
tightened. For facilitating the movement of the streamlined rap nut,
simultaneously with the sling's tightening, the dive: str kes the key
. with the sledgehammer. Then the diver resets the key when /% reaches
the extreme positio. and he sees to the removal of the cap nut.

When the cap nut has been loosened sufficiently so that its re-
moval is possible by hamd, (he key is raised, whil. the diver (having
slung the cap nut), turns it ~ff tne resw of the wuy and moves it out
from under the stern for hoisting upward. The shaft thread is then
coated with a lubricating grease, wiped with a cloth and wrapped with a

thin rope.

If the fairing does not have faces but is fastensd by locking de-

vices tc the propeller hub, the diver ties the fairing by the eye bolt
screved into the place of the plug covering the hole for the injectica
of greagse. The removed locking devices, bolts and nuts are collected

in a pail to avoid their being lost.

In case of removing or drilling out the plugs (retainers), fer
working convenience, at the diver's command the propeller shaft is turned
manually to the proper angle and is locked in place once more,

On the auxiliary and merchant ships, the steel fairing is often
velded to the propeller hub, In this case, the fairing is cut loose
by oxy-electric cutting at a slight distance from the propeller hub,
In bringing such a fairing to the surface, we lap-weld to it an inter-
mediate strip which is then fitted to the remaining uncut part of the
fairing and after being clamped, it is joined with & fillet weld. Some-
times a new fairing is prepared to replace the one which has been dis-
assembled. The remnanits of the old fairing are cut away with a chisel,
the propeller hub is cleaned and a new fairing is fitted to it. Alter
seating the screw on the shaft's cone and the turning of the tighten-
ing nut, the fairing is welded to the hub.

After removal of the fairing, the release of the grip nut is ac-
complished. First we twist out or drill out the plugs, remove the
tightening strip, and then we¢ unscrew the grip nut. To avoid errors,
prior to using the wrench, the direction of the nut's threads is

checked.
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The sequence of turning the stop nut is the same as for the
streamlined cap--nut. If the nut has “jammed" and can not be removed
with &« wrench and with blows from the sledgehammer, the explosion
method is utilized. In this case, to the wrench handle we connect an
additional pipe with a small area reinforced by a stiffening ridb at
the end. On this area, we place an explosive tharge weighing 30-40
grama, The diver gets out of the water and the explosive is set off.
If the explosion proves insufficient, it is repeated with a charge
of increaselweight. After the stcp nut has been moved, it is turned
several times and is left on the thread up to the moment of moving
the screw from the shaft's cone (in the impact method of removing
the screw); it is then tied to a sling, turned off completely and

raised to the surface.

In the installation of the stop nut or of the streamlined cap-
nut, the tasks are performed in reverse order. In the case of dril-
ling the plugs out, new threads are tapped in the holes, new plugs
are made, and holes are drilled in the fairing.

Removal of Propeller Screvs

Removal of the propeller screws is conducted chiefly with two
proceduvres, i.e. traction and impact. The traction method can be
subdivided intoc mechanical and hydraulic.

In the practice, use is often made of the combined technique
of disassembling the screws, with juncture of the traction and at
the same time of the impact, e.g. explosion, procedure. In this
instance, the initial tightness is developed with mechanical de-
vices while the jolt providing the movement of the screw is pro.

vided by an explosion.

Removal of Propeller Screws by Traction Method. This method
is most popular. On each ship, there is a puller (pulling tool),
corresponding to the weight of the screw and the design of its at-
tachment, On the small screws, provision is often made on the hub
for slotted openings for the attachment of the puller.
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. 1

The gist of the traction method consists in the idea that

the puller is connected to the hub or tc the screw blades and ow-
ing to the thrust in the end of the propeller shaft, a contracting
force is generated, acting elong the axis of the shaft. After the
puller overcomes the adhesion force of the propeller hub, the screw
is moved with the shaft's cone. In distinction from the impact pro=
cedure, the traction method is characterized by the static applice-
tion ¢f force and by its gradual increment.

The traction method has several modifications depending chiefly
on the screw's weight and design: removal with the aid of a strip,
clamp, hooks, with a sleeve; by hydraulic force, i.e. by pumping ]
liquid into the inner hub cavity, or by a hydraulic block and a

piston-type puller.

The mechanical techniques of removing the small and medium-
sized screws with a strip and aleeve are shown in Figs. 17 and 18,
Depending on the conditions, one is sometimes limited to the util-
ization of only the support strip; in this case, the tightening force
is developed by the uniform tightening of the nuts.

In the removal of the screw with hooks (Fig. 19), to avoid skew-
ing, the hooks are mounted on each blade., It is best to connect the
hooks to the hub, provided that the screw design so permits. In ord-
er that the support strip would not be deformed, it should be mede
of thick steel of extra strength not less than St-5,

Fig. 17. Removal of Propeller Screw with Strip and Pressure Bolt:
‘ 1 - pressure bolt; 2 - nut; 3 - support strip (flange); 4 - pin;
5 -~ propeller shaft; 6 - propeller hub; 7 - steel liniug; and 8 -
washer.
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Fig. 18. Removel of Propeller Screw with Sleeve {(in presence of
ingide threading on end of propeller hub): 1 < grip bolt; 2 -
sleeve (puller); 3 - propeller hub; 4 -~ propeller shaft; 5 -
support washer; and 6 - mounting bolt.

The hydraulic method of removing the screws consists in the
idea that all the loose spaces between the propelier hub and the
shaft cone are plugged with lead or with red copper foil, and into
the hub cavity through a tube we pump ~ ~o0il or kerosene and a pres-

2
sure up to 100 kg/ecm® is developed. The oil entering between the pro~
peller hub and the shaft cone weakens the forces of adhesion and the
screw is removed. This procedure is frequently combined with the ap-

plication of mechanical devices.

Fig. 19. lemoval of Propeller Screw with Hooks: 1 - pressure
gtrip; 2 - hooks; 3 ~ propeller screw; 4 - propeller shaft; 5 - nut;
and 6 - mounting bolt.,
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The method of removing the screws with & hydraulic block (Fig.
20) has gained wide acceptance. The packet 6 of red copper 1 mm thick
is placed between the steel disks 7 and 5. Disk 5 is pressed against
the end of propeller shaft 4., With pins 2, disk 7 is fastened to the
hub of propeller screw 3, By means of the red copper tube 1, packet
6 is connected with a hydraulic pump, end into it oil is pumped under
a pressure of 90-100 kg/cmz. Usually such a pressure is sufficient
for the initial displacement of the screw. The technique is simple,
productive but it does have disadvantages, e.g. the hydraulic packet
(block) often goes out of commission, breaking along the joint,

For the removal of the screws having medium and considerable
wveight, use 1s made of a hydraulic piston-type puller with an adapter
which is made each time for the actual screw. The puller consists of
housing 6 (Fig. 21), piston 8 with packing ccllar 3, of collar 4 with
fittings for suspension. By tube 1, the puller is connected with a

manual hydraulic pump,

Fig. 20. Removal of Propeller Screw by Hydreulic Packet: 1 -
red copper tube; 2 - extruding pin; 3 -propeller hub; 4 - prop~
eller shaft; 5 ~ intermediate disk; 6 -~ hydraulic packet; and

7 - supporting disk,

To the propeller's lhub, there is fastened an adapter with an
intermediate threaded bushing. The puller is then applied at the
end to the screw and is turned into the bushing of the adapter.
After the puller has been set up, a pump is used to force machine
01l (T grade) into its cylinder; pressure is created between the
end wall of the cylinder and the piston, which abuts against the
oeud of the propeller shaft. Through the adapter, the piston cyl-
inder is conmected with the propeller hub. In this manner, the oil
pressure in the cylinder creates the required contracting force
along the shaft's axis, and the propeller screw is displaced.
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Fig, ?1. Hydraulic Piston-Type Puller for Removing FPropeller

Screw: ) - red copper tube to the hydraulic pump; 2 ~ plug;

3 ~ leather packing ring; 4 ~ clamp made from two halves with

eye bolt:; 5 - set belt; 6 - framv of puller; 7 - hub of the

propeller ecrew; 8 - piston; 9 - spacinyg rings; and 10 =~
disk-type stop.

The puller develops considerable force and functions without
‘ breakdown since the pressure in the puller can be raised te 550
- kg/cmz.
P Removal of propellor screws by the impact method will be di-
vided into the wedge-type, in which the displacement of the screw

is accomplished with the spacing wedges, and the explosion-type,
in which the momentary action of the spacing force is developed

from the energy of the explosion.

The wedge-iype technique of disassembling the propeller screw
(Fig. 22) is utilized in the cases when access to the screwv is con-
venient, and consists in the following steps: between the propeller
hub and the mortar (?) of the deadwood or the propeller strutas
(brackets), we insert two steel wedges 1, which are then spaced
by the central wedges 2. The screw is moved from the shaft cone
owing to the spacing force which is being developed. Wedges 2 are
pounded in with a sledgehammer or with a metal rod weighing 60-70
kg (with a bar), lowered from thes upper deck along the guide pipe
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) having a diameter of 180--200 mm, mounted along the wedge's axis,

Holes are made in the pipe in order that the water would not muffle

the blow.

" b0 csepry

Fig, 22. Wedge Method of Removing Propeller Screw. Key: a)

view from the top.

Prior to the remcval of the screw, the diver checks the amount
of the clearance between the bow edge of the propeller hub and the
deadwood or strut. 1f the clearance is slight, after uncoupling from
the intermediate shaft, the propeller shaft is extended sternward

for 80-90 mm and blocked in positicn.

The disassembly work on the screw is performed in the fecllow~
ing sequeunce, Un the shaft's cone and the hub, the diver meakes
marks establishing the seating and the mutual positioning of the
screw and the propeller shaft. Two sets of wedges are delivered alt-
ernately from the deck; these are installed by the diver from two
sides along the shaft's diameter for creating a uniform thrust; blows
are applied alternately or, if the work is conducted "with a bar"

trom on deck, the blows are delivered simultaneously on both wedges,

After the screw has been shifted, it is slung from both sides
with rope slings fastened on a beam, specially positioned on the
upper deck athwart the ship; the sling's ends are suspended on both
sides. The slings are drawn (retracted) by block-and-tackle of the

sppropriate heoisting capacity and the screw is removed from the shaft's
cone, lu order to make the withdrawal of the screw from under the stern
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overhang more convenient, a ropeée sling is alsc run out from shore
or from another ship and the diver steadies and guides the screw.

On certain ships, especianlly those equipped with single~shaft
units, the distance between the terminal part of the propeller
shafv and the rudder-post is short end it is not possible to turn
the screw out. In this case, the propelier shaft is unblocked and
under the diverfs ingtruction is moved toward the ship's bow. The
removal of the propeller shaft from under the stern overhang can
be obstructed by the rudder fin; in this case, the tiller stops are
removed and the rudder fim is turmed by 90°.

After the screw has been pulled from the shaft's cone and brought
from under the stern, before heisting up to the surface, it is re-~
slung from the blades beyond the hub. This needs to be done in order
that the screw would not break. In additior, the scre~ is slung by
two blades on either side, which makes its hoisting difficult, but
one should never hoist a screw that is tied omnly by one blade. For
the re-slinging, slings are pulled in from both sides, the propel-
ler screw is lowered ontoc a scaffold or the sea floor (if the work
is done from the bottom), and the diver re-rigs he sling on the
screw., If the screw can not be accomoda*ed on the scaffold, an ex-
tra line is run from the upper deck; with this line, the diver
ties the screw by the hub, and after the screw's weight has been
trangferred to this line, ropes are paid out from the onboard
block~and-tackle, and the screw is raised to the surface.

Explosion Method of Removing the Propeller Screw. This tech-
nique is utilized when the conventional procedures of removal have
failed to produce results, or when the screw's weight is in excess
of 1 ton. The essence of the procedure consists in the following
steps. Charges (2-4) of explosive material are uniformly placed
on the shaft in the apace between the bow end of the propeller hub
and the deadwood or strut, and these charges are set off. The con-
siderable force of the explosion directed along the axis of the
propeller shaft, shifts it from the shaft's cone. In spite of its
apparent simplicity, this method requires much attention, careful-

ness in preparation and strict compliance with the satety rules.
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The principal attention in preparing the propeller screw for
removal by the explosion method should be diverted to establishing
the size and number of the charges. With an accuracy which suffices
for the practice, the size and number of the charges are determined
proceeding from the mass (weight) of the screw, its material, the
permissible loads on the ship hull sheathing, and the submergence
depth of the charges in the watgr.

On the basis of calculations, tables have been developed est—
ablishing the weight of the required amount of high explosives (HE)
(Aprendix 4) and the maximum weight £ one charge (Appendix 5). In-
itially we establish the total amount of HE; then we refine the size
end number of the charges depending on the actual conditions. A les-
ser weight of HE is chosen and accordingly, a larger number of charg-
es is established.

The maximum weight of the HE in an open charge {in a& soft con~
tainer) is permitted up to 70 kg, and in a closed container {(wcoden
block) up to 210 kg. The charges used have the seme weight, As high
explosive, use is made of TNT, tetryl or ammonite., The TNT in powd-
ered and pressed form has become most popular. From the pressed TNT,
with a hack sew we shape a parallelepiped, in the end of which we
drill a blind hole into which the electric detonator is inserted.
The charge prepared in such & manner is wrapped in paraffin paper
(waxpaper) or silky rubber. The ends to the electric cenductors of
the detonator are cleaned and bent aside,

The HE in powdered form is poured iato a small bag made of rub-
berized silk fabric or other watecrproof material; the electric deton-
ator is installed, and the neck of the bag is tied tightly with bind-
er twine or silk thread around the conductors of the electric deton-

ator.

Use is made of the VKM electric detonators with the capsule-
detonators, type GRT No. 8, TAT No. 8 or TAG No. 8.

For the explosion-type operatiorcs at a depth up 4o 20 m, use is
made of the moisture-resistani electric detonators, type ELCH-16,
while in the dismantling of sunker ships at great depth, we employ
the type VKM-80 detonators.

=35




T i ghao vt s e g

N s s

The charges of HE are placed in wooden containers (a U-~shaped
frame) 30-40 mm thick, or are suspended openly on the shaft. To

avoid damages, the shaft is wrapped with lead sheet; the bow end of the

propeller hub and the deadwood mortar are covered with steel plates,
and wooden stays are placed between them (Fig. 23).

Fig. 23. Placement of Open HE Charges on the Shaft: 1 - grip nut;
2 = propeller screw; 3 = main conducting line; 4 ~ wooden stays;
5 = lead shield; 6 - iron plate; 7 - detomator; 8 - charge; 9 -
propeller shaft; and 10 ~ deadwcod bushing.

In order that the charges would no% move away from the shaft,
they are rigged with a lanyard and retaining lead weights are also
attached, The ends of the lines from the electric detonators (the
soction lines) are connected in-series with the main conductors and

vhrough & knife switch with the power source.
G 2 2
L,_ 1

8

Fig. 24. Diagram of Eleciric Explosion System: 1 - ammeter; 2 -

voltmeter; 3 = knife switch; 4 - main conductors; 5 -~ charge;

6 - section conductors; 7 -~ electric detonator; and 8 - storage
battery.

The¢ main conductors consiast of double-strand wires, brand PRSHM
ocr PRSHUM. As a nower source, use is made of the special type PM-1,
PM=2 or KPM-2 blasting machines, or of 12-volt storage batteries.
The current force(in the elactric explosion circuit) amounting to
1-5 amps provides (assures) the setting off of the detonators. The
electric detonators are interconnected paralilely (Fig. 24 above).
The electric blastivg circuit ies checked for proper condition of
ingnletion and intactness of the conductors; for this, an ohmmeter

is utilized.
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If the operations are conducted from a diving boat, after the
emergence of the diver from the water, the beat is moved to a safe
distance., The warning signal is -‘then sounded; after 2-3 minutes,
the knife switch is clogsed and the explosion occurs. If it fails
to do so, after 20-30 minutes the main conductors are disconnected
from the knife switch, the diving boat approaches the ship, and a
diver goes .own to make an inspeztion. If the explosion did occur,
a diver is sent down efter 10-15/if°the event that the explosion

was only a partial one.

If the screw has shifted from the shaft cone, the driver rigs
the sling to the screw, turns off the stop nut, pulls it away and
feeds it upwaxrd. If the screw can not be removed manually or with
light taps from a hammer, the regular puller is used to remove it.

In recent times, the method of exploding the charges with the
aid of a blasting fuse has gained wide acceptance. The blasting fuse
is fairly safe, burns slowly, can be cut with a knife, has little
sensitivity to impact and friction, can stay under water for up to
12 hours, transmits the detonation at a rate of 6800-7200 m/sec,
and becomes prone to explode at a temperature above 30°c.

The HE charge is wrapped with the blasting fuse in 3 or 4 coils.
The fuse end is brovght to the surface, and to it for a distance of
10-15 cm, with insulating tape there is fastened an electric detona~
tor or fuse. In order to activate the fuse, its ends are wound tight-
ly with insulating tape or coated with mastic. The detonating fuse is
less risky for the diving explosive-handlers during the placement and
especially in case of the disposal of unexploded charges. It is often
employed as a backup device for the electric detonators in the removal

of the screws by the explosion methed.
Section 6. Installation of Screw Propellers

The installation of the screw propellers is achieved in the fol-
lowing sequence. The propeller shaft is turned with the key upward.
The diver inspects the shaft's cone, cleans the algae and other foul-
ing from it, checks for the presence of positioning marks on the
shaft, of protective wrapping on the thread, cleans off the working
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place and then issues the order for the delivery of the propeller.

The prepared propeller .s delivered on two slings and is placed
on a scaffold., The diver re-~rigs it by the blades with the consider=-
ation that the key bed (keyway) will be at the top, and he issues the
order to raise the propeller. The propeller is then placed oxn the
shaft's cone in such a way that its keywuy would line up with the
key on the shaft. As soon as the threaded part of the shaft appears,
the diver cleans the thread of its wrapping and manually turns on the
grip nut or the streamlined cap-nut.

The diver then tightens the grip nut with a long~handled wrench.
The tightening of the clamping nut is conducted with tho aid of a
sling lowered from the upper deck, just as during the unscrewing of
the nut. Tightening of the nut is continued until the propeller reach-
es its place of seating indicated by the mark. The clamping nut is
blocked with bolts or with a locking strip and the slings are released.

After this, the fairing prepared for installation is plugged with
lubricating grease and is delivered on a sling to the diver. The diver i
spreads a thick coating of lubricant on the clamping nut and the end
of the propeller shaft, adjusts the fairing to comply with the posit-
ioning marks, turns and calks the locking device, or fastens it with
a cotterkey., If the shaft's neck was covered with protective linings,
they are also adjusted in place; the sling on vhich the fairing was
delivered is paid out, the eye-bolt is unscrewed, and a plug unit is

inserted in its place.

Section 7. Removal and Installation of Propeller Shafts

The dissssembly of the propeller shafts is usually conducted in
conjunction with the repair of the deadwood in the processing of the
rockwood, in case of damaged lining of the shaft, and in other simi-

lar instances,

Before performing the tasks, one checks the design and estab-
lishes the direction of removing the shaft (externally or within the
ship). In dependence on this, and also on the dimensions and weight
of the shaft, we develop a procedure for the removal, and rigging is
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prepared (devices, cables, pulleys etc.). Powerful water drainage
equipment is prepared from pumping out the water which leaks in as the
shaft is drawn and for use in case of an accident. During the entire

period of conducting the work, a guard is posted round-the-clock.

Special attention is turned to proper rigging and to the suspension
of the shaft, in order to avert damage to its finish, cambers and
losses during removal and hoisting to the surface.

The removal of the propeller shafts is usually periformed after

the removal of the propellers and their disconnection along with the

intermediate shafts. On small ships, sometimes for speeding up the

operations, the propeller sharft is removed together with the propeller
and the fairing. The propellers may also not be pulled during the
removal c¢f the onboard shafts in the ships equipped with a two or
three-shaft unit, if the shaft's design allows them to be disassembled
without pressing out the propeller strut bushing.

The diver attends the advance of the shaft to the interior of
the ship's hull and at that instant when the shaft's tail is covered
in the deadwood's mortar and becomes recessed by 200-300 mm, he
covers the deadwood closely with a special prepared wooden plug (Fig.
25).

The wooden plugs float up and are not very handy for working
under water; therefore, for closing the openings with a diameter of
300 mm and more, use is made of composite plugs, consisting of a
wooden base and a metal or cement casting (Appendix 6).

If the deadwood bushing is short, at the command of the diver,
the removal of the shaft is stopped and the diver pounds the plug in.
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If seepage is detected, the clearaznce between the plug and the dead-
wood bushing is calked with hklack cakum.

After the remcval of the propeller shaft from the desadwood, on
the studs on the inboard end of the stuffing box, we install a metal blind
. flange fitted with a rubber lining.

Ver - b
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Fig., 25. Removal of Propeller Shaft to Interior of Ship Hull:
1 - wooden plug; 2 - stern deadwvood bushing (collar); 3 - bow
deadwood bushing; 4 - propeller shaft; 5 ~ tension cable; 6 -
intermediate shaft; and 7 - bearing.

Bemaoval of propeller shafts into the water is performed by two ‘
methods: by forcing them out with the 2id of a false shaft; and by
the traction method with the utilization of caps. On the ships with
considerable displacement and having long propeller shafts, use is
ugsually made of the caps, while on the ships of slight and wedium
displacement, wa resort to the use of a false (dummy) shaft.

The dummy shaft consists of a tube (of threaded sections) with a
diameter which is 1 mm less than that of the propeller shatt, but is
longer than it. Dummy plugs are welded to the tube's ends; one of the
plugs serves for comnecting the dummy shaft with the propellsr shaft,
while to the other end we tack-weld heads or make openings for the
installation of handles which are utilized for inserting and removing
the false shaft.

Or the dummy plug designed for connecting with the propeller

shaft, a thread is cut corresponding to the diameter and thread of
the propeller shafi. After the removal of the intermediate shaft,
ﬁ the dummy shaft is screwed in sections onto the propellexr shaft in
] proportion to its emergence into ths water.
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Fig., 26. Collar-type Clamp for Pulling Shaft into the Water:
1 - clanp; 2 - washer; 3 - nut; 4 -~ propeller shaft; and 5 -
locking aut.

To the propeller shaft's shank, we fasten a clamp (collar), and
to it we vig a pull cable (Fig. 26). For supporting the shaft in pro-
portion to its emergence from the deadwood's mortar, slings are low-
ered from the upper deck, with the use of blocke-and-tackle or booms.
If conditions permit, on the swall ships the shaft is pulled along
with the propeller. If the work is performed during the winter, the
supporting blocks are placed on sceffolds set up on the ice (Fig.27).
The number of the block-and=-tackle units and their hoisting capacity
are chosen in dependence on the propeller shafts' length and weight
{there should be a minimum of two units).

fig. 27. Pulling the Propeller Shaft into the Water with the
Aid of a Dumny Shaft: 1 - dummy shaft; 2, 4 - tackles; 3 ~
trestles; 5 - ice; 6 - screw propeller; and 7 - propellexr shaft.
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If oquipment is lecking for providing the removal of the shaft
from the ship's exterior, the traction force is developed by the
block-and-tackle units mounted on the bulkhead (Fig. 27) or by a
jack. which reats on *he bulkhead or on the base of the intermediate
bearing and on the propeller shafit's end. The jack must be placed on
a cushion (lining) made of a 3-4 inch board or plank.

When the propeller shaft is completely extruded from the stern
tube, the dummy shaft is disconnected from the propeller shaft and
the latter is raised to the surface. The dummy shaft is used as a
plug and will remain in the stern tube throughout the repair process.
In the event of seepage, the space betwesn the deadwood bushing and
the dummy shaft is plugged with black oakum or with waste cloths.

If efter the removal of the shaft, it is still necessary to press
out the deadwood bushing, it is better to utilize the traction method
wvith a cap. In this instance, *“he cap is placed on a rubber lining
on the stud of the gear stuffing box or on the stern tube (Fig. 28).

o N
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Fig., 28. Cap for Packing the Deadwood Stuffing Box During the
Removal of the Propeller Shaft: 1 - frame of cap; 2 - plug of
stuffing box; 3 - bushing;4 - hemp packing, tallow; 5 - propeller
shaft; and 6 - deadwood stuffing box.

The cap is made in such a way that it would accomodate the tip of the
propeller sharv jultinrg out of the stern tube. In the case of small
dimensions of the propeiler shaft, the cap is made blind. During the
removal of large shafts, a hole is made in the bottom cf the cap with
the stuffing box, through which a retaining cable passes. After re-
moval of the shaft, the retaining cable is left in the deadwood and

is utilized as a traction (pull) cable during the seating of the shaft.
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In certain cases, when the propeller shaft is large and it can
not be shifted from its place, through the bottom opening in the cap
we ingert a pressure bar and we screw it onto the thread in the end

. of the propeller shaft. With a jack and the pressure bar and also
with pullers, the shifting of the shaft is accomplished from over the

side.

After the shaft has been moved from its seating, to the end of
the pressure bar, we attach the retaining cable. In proportiorn te the
emergence of the shaft intc the water, the retaining cable is paid out,
the shaft is raiszed to the surface, and the diver pounds a plug into
the deadwood bushing.

In order that the shaft would not be bent during removal, for
its support also, on the ships of medium displacement, use is made
of a trough (tube) hung from the stern (Fig. 29). For stability, the
"trongh" has a stiffening (sometimes V-shaped) support with which it
rests on the stern overhang,.

Fio. 29, Rtemoval of Propeller Shaft with the Aid of a "Trough":

1 - pull cablie; 2 ~ bracing stay of trough; 3 - supporting de-

vice on bloch-and tackle units; 4 -~ trough {tube); 5 - marine

propeller strut; 6 - propeller shaft; 7 - clamp; and 8 - retain-
ing cable.

buring the removal of shafts from ships having considerzble dis-
placemect, use is made of a special monorail (Fig. 20}. According to
a pattern, eye bolts are welded to the sides, and to them on turn-
buckles parallel to the axial line of the shaft, the mcnorail is sus-
pended. On the monorail are mounted 3 or 4 pulleys with turnbuckles

(on rollers), on which the propeller shaft is suspended in proportion
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to its emergence from the deadwood, during which time the pulleys

Y move along the monorail.

For removal of the long shafts, use is also made of the trec-
tion (pulling) method, but for the installation of the ceap from with-
in the ship, with the assistance of a jack the shaft is advanced about
800 mm into the water. Then for the further removal of the propeller
shaft, depending on its length and weight, we utilize a tugboat, the
5 capstan on & floating crene, winch or differeniial pulleys attached
. to the bollards of & mooring wall. For this purpose, at a distance
| selected by calculation, a snatch-block (Fig. 31) is attached,
through which the traction cable is passed and fastened to the pulley
hook. To avoid the sagging of the shaft, the traction cable is chosen
vith a length of about 100 m. At emergence of the propellar shaft from
the deadwoed, it is raised to the surface by a floating crane, and a

Plug iz inserted in the mortar.

Certain designs of the marine shafts can not be removed prior to
the extrusion of the shaft bracket bushings. In this case, we pull
the fairing and the propeller; the propeller is shifted toward the
bow to the extent that its threaded part would emerge from the bush-
ing; the shaft bracket bushing is pressed out and then the removal
of the shaft is accomplished.

Installation of the Propeller Shafts. In case of installing a
propeller shaft from within a ship, it is brought to the stuf-
fing box, on which a metal plug is mounted, and is then rigged in a
sling. The diver then checks the airtightness ¢f the deadwood mortar.
If water seeps in, the diver pounds & plug in and tightens the calke-

ing in the gap.

After this, a metal end cap is applied to the gear stuffing box,
with the a.d of the block-and-tackle rigs the propeller shaft is
clamped in place, and the wooden plug is knocked out with the shaft.
The shaft is then blocked and the screw propeller is moumted on it.
Afver this, the assembly of the shaft line is accomplished.
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£17. 3JVO. Pulling a Propeller Shaft into the Water by Traction Meth-
ud with the Aid of a Monorail: 1 -~ supporting sling; 2 ~ bitts;

3 - eye bolts; 4 = cap; 5 - stuffing box of cap; 6 - reteining cable;
7 = bow~type deadwood bushing; 8 - stern tube; 9 - stern~-type dead-
wood bushing; 10 - shaft bracket; 1l ~ propeller shafiv; 12 - pulleys;
13 - Jenyerds; 14 - traction cable; and 15 - monorail (I=beam),

i
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Jir. 3l. Diegram Showing Removal of Shaft by Traction Method Using
a Shore-lounted Snatch Blockh: 1 - propeller shaft with
¢lamping nut; 2 - snatch-block; and 3 -~ differential

pulleys.

We now consider the installation of the propeller shafts from
over the side. If there is a dummy shaft in the deadwood, the propel-
ler shaft is installed in the following sequence. The shaft is rigged
1n + sling aud lowered into the water with a floating crane. The diver
br:n:s the shaft up to the deadwood and lines it up with the dummy
shnit, rewoves the callking in the gaps and issues the order to turn
tLhe dunmy shaft from within the ship uull. During the turning, the
Juuiwy shai't connects with the propeller shaft. The propeller shaft
1s Loen tigntened into the deadwooud by mewns of the block—-and~tackle,

tu jroportion to the emercence of the duimmy shaft from the gear stuf-

fi box, 1ls scet,on are unscrewed and tne block-and-tuckle is re-rigged.
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When the propeller shaft is seated in its place, the dummy shaft is
disconnected, the connecting flange is screwed into its place, and
the assembly of the shaft's line is accomplished.

During the installation of the prepeller shaft when on the gear
stuffing box, a cap or metal stopper is mounted, the sequence of the
operations changes somewhat. After the delivery of the shaft under
the stern and its lining up with the deadwood bushing, the plug is
removed, the propeller shaft is inserted and is advanced to the cap
or the metal stopper on the gear stuffing box. Then the insertion of
the shaft is stopped and the diver calks the gap in the deadwood.

The cap or the metal stopper is removed from the stuffing box
and the shaft is installed in place, If ihe stuffing box (oilseal)
has heen removed, it is also put back in place.

During the iustallation of the propeller shafts, it is nreces-
sary to cevote special attention to maintain undamaged the surface
of the shaft and the threads on its shank; for this purpose, the shank
is covered with cloth, wrapped in canvas and tied.

If the shaft is the side type, it is inserted through the shaft
bracket; at this time, caution is exercised since even with the slight-
est devistion of the shaft to the side, the shaft bracket mounting could
be torn loose and the shaft could be bent.

Section 8, Pressing In and Pressing Out the Deadwoocd and
Shaft Bracket Bushings

In the pressing out and pressing in of the deadwood and shaft
bracket bushings, as a precaution against flooding just &s in
the removal and installation of the propeller shafts, we prepare wa-

ter drainage equipment and et up a rouund-the-clock guard.

The extrusion of the deadwood and shaft bracket bushings is
performed in connection with the formation of free plev and the devel-
opment of packing or of antifriction lining. Two methods exist for the
extrusion of the deadwood and shaft bracket bushings: one involves the
use of a special puller and the other is performed with the aid of the

propeller shaft.
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The first method affords the possibility of extruding both the
bow-type as well as the stern~type and shaft bracket hushings. The sec-
ond method is employed solely for the extrusion of the sterr~ and shaft
bracket-bushings under the condition that the shaft's design permits it
to be removed to the inside (of the ship).

First Method. In the extrusion of the bushinga by the first meth-
od, use is made of vearious devices congisting of a stay bolt, a shaped
(ovel) flange and supports-~-brackets, sleeves, etc. The flange is at-
tached to the bolt on a joint. The universal attachment (Fig.32) is of

the most interest.
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1ig. 32. Extrusion of Stern (Rear) Deadwood Bushing with Universal
Attachment: 1 - cap; 2 - coupling bolt; 3 -~ deadwecod bushing; 4 -
outer sheathing of ship's hull; 5 - sleeve; 6 - spring-type clamps
(clamps activated by springs); 7 - stern tube; 8 - bulkhead; 9 -
gasket; 10 - metul stopper; 11 - cotter (stud); and 12-grip nut.

The pressing out of the stern deadwood bushing is conducted as
fullews: from within the ship hull, we check the seal of the installed
metel stopper in the stuffing box or the stern tube. A diver is sent
dowu and the device is delivered to him., By making marks, the diver
fixes the bushing's position in the deadwood mortar, knocks out the
wooden plug and inserts rod 2 with clamps 6 (Fig. 32).

vuring the insertion of rod 2 intc the deadwood bushing 3, clamps
6 arc pressed into the sleeve 5 and the springs are in a contracted
position. After the end of rod 2 emerges from bushing 3, the springs
drive out clamps 6. Frow the other side of rod 2, we insert the weld-~
ed support 1 in the form of a cap, at the bottom of which there is a
hole to accomodate the rod. The second end of rod 2 has a thread for

holding the stop (pressure) nut 12.
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If there is not e chance of making a universal device with the
spring clamps, one then makes a solid oval flange with an elongated
opening for the passage of the bolt. The flange. seated freely oL the
bolt, occupies an inclined position and passes through the bushing
and, at reverse movement of the bolt, it engages the end of the dead-
wood bushing. The bolt head is made solid end its dimensions exceed

the diameter of the flange's central hole.

Jig. 33. Device fo: "ressing Out the Deadwood Sleeves (Bushings)
with Foruw2.ag Flange on a Joint:

i ~ clamp; 2 - cushion; 3 - sheathing; 4 - stern tube; 5 - form-

ing flange; 6 - bow-type deadwood bushing; 7 - wooden plug; 8 =~

stern-type deadwood bushing; 9 - coupling bolt; and 10- stop nut.

Bolt 9 (Fig. 33) can be fastened in flange 5 by a pin (hinge
joint). The flange is so arranged that in itz passage through the
deadwood sleeve, it is beneath the bolt's shank. On bolt 9, we mount
the clamp (support) 1, plus a washer, and we screw on the stop nut 10,

A wooden cushion is placed under the support.

For pressing out the sleeve, we turn the stop nut, at first by
hand, and then the sleeve's extrusion is conducted by meauns of a
wrench fitted with a long handle, with the aid of & rope lowered from
the deck. When the sleeve's flange has separated slightly from the
stern tube, the diver rigs it with a sling fed from tae upper deck.

Then the diver resets the wrench and sees to the emergence of the

slgeve from the deadwood's mortar.

The pressing-out device is choseun uccording to the sleeve's dim-
ensicns. The bolt should have more than two lengths of the sleeve,
while the clamp or cap should have suci: dimensions that the sleeve
could be compietely extruded.
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The attachments (devices) equipped with clamps are ordin- /53
arily utilized for pressing out the deadwood sleeves of small dimen-
sions. 1f the sleeve is large (with a diameter of 400 mm and more),
ve resort to the universal (general-purpose) device equipped with
¢lamps. If in length the sleeve turns out to be slightly larger than
the clamp's height, during the assembly of the device, we place be-
neath the clamp a cushion, or pads are welded to the sheathing in
the support points.

After it has come out of the stern tube, the sleeve is placed on
a scaffold, the device is removed from it, the sleeve is re-slung and
hauled upward.

i'ig. 34. Extrusion of Stern Deadwood Sleeve with Use of Propeller
Shafi: 1 ~ wooden plug; 2 - resinous packing material or oakum;

3 - forming flange; 4 ~ propeller shaft; 5 - bow deadwood sleeve;
6 - deadwood stuffing box; 7 -~ jack; 8 - support channel bar;

6 - gasket packing; and 10 - stern deadwood sleeve (bushing).

The bow deadwood sleeve is extruded in an analogous manner.

The second method of extruding the stern and shaft bracket sleeves
with the aid of the propeller shaft (Fig. 34) is accomplished in the
foilowing order. After the removal of the propeller, the propeller shaft
4 is moved by block~and-tackle into the interior of the ship's hull.

As soon as it has separated from the mortar by 200-300 mm, the diver
pounds the wooden plug 1 into the stern tube, and the shaft is complete~
ly removed. Into the stern tube from within the hull, we insert the
partiug flange 3 with recesses for resting the sleeve onto the end.

The propeller shaft is inserted into the stern tube and rests against
the flange.

In the afterpeak, across the ship we place the channel bar 8,
restiug by i1ts ends on the side branches of the bulkheads; while be-

tween the chanuel bar and the propeller shaft's connecting flange,
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we set up the jack 7. By use of the jack, the propeller shaft is grad--
ually moved into the stern tube while the deadwood sleeve is ex— /54
truded.,

After the extrusion ¢f the stern sleeve, the shaft is advanced
3lightly into the ship, and the diver installs the wooden plug. The
propeller shaft is removed and from within the hull, a metal stopper
is placed on the stern tube. The shaft can also be left in the stern
tube but this is not desirable since water seepage into the ship hull

is possible.

During the installation of the parting flange and the work in the
stern tube, the diver observes for and provides the tightness (hermetic
state) of the stopper.

In case of the extrusion of the bow sleeve, the metal stopper is
placed on the stuffing box after the completion of the entire range of

tasks.,

For extruding the shaft bracket sleeve, the propeller shaft is moved
with block-and-tackle to the interior of the deadwood until its shank
protrudes from the shaft bracket sleeve and there is adequate space for
installing the supporit flange. The shaft is then moved into the stern,
rests with its end on the center of the instalied flange, and by means
of the force developed by a jack from ingide the ship hull, the shaft
bracket sleeve is pressed out (extruded).

If only the shaft bracket sleeves are extruded, the propeller sheft
is brought to its normal position, while the gap is callted with black
oakum or with loose strands of plant fiber.

The pressing-—in of the deadwood and shaft bracket sleeves is coun-
ducted by two methods: <with the aid of a rod and flange (universal for
all types of sleeves) and with tle use of a jack (only for the bow-type

sleeves).

The installation of the bow deadwood sleeves is performed in the
following sequence. Before the start of the operations, the diver
checks the tightness of the installed external stopper or plug., The
metal stopper is removed from the bulkheed stuffinyg box, and the sleeve

is inserted into the deadwovod tube roughly in accordance with the marks.
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On the sleeve's front end (Fig. 35), a flange is mounted and baving
a recess, while athwart the ship, we place a support chanmnel bar;

a jack is placed between them. With use of the jack, the 3leeve is
forced into the deadwood tube; after this, the jack and the chanunel
ber are taken away, while & metal stopper on a lining is installed
on the tube,

The pressing~in of the stern deadwood sleeves (Fig. 36) withézz
the aid of a rod and flange is conducted as follows. On the bow end
of the stern tube, we install on a rubber lining the flange 3 with a
central hole. Through the flange's central operning, we insert rod 6
with washer 4 and nut 5. On one end, the rod's threaded portion is
greater than the length of the sleeve which is being pressed in, while
at the other end, it is 100-150 mm long. The rod is passed through the
stern tube until it is stopped by the wooden plug,

A diver then descends; he is sent the deadwood sleeve rigged on a
sling, as well as the parts of the attachment for the pressing-in work:
the stopper, rubber lining and nuts. The diver moves the sleeve toward
the stern tiube and at his command, frqg ingside the hull the workers
use the rod to kpesle4hs plug out and to bring the rod to its position.

The diver passes the rod through the deadwood sleeve, prepared and
suspended on the slings, places the spacer and metal stopper on the
threaded part of the rod, and screws on nut 9 with a locknut. He then
lines up the slezve with the stern tube, orienting it according to the
marks (graduation lines), and develops a tension by tighteaing the nuts.
He then issues a command for the pressing-in of the sleeve. In this
case, the sleeve is pressed in by the marine repairmen from within the
ship hull by turning nut 3, while the diver monitors the progress of
the work; in case the sleeve should get out of line, he straightens it.

However, if the sleeve can not be pressoed from inside, the rod is
ingerted into the stern tube, by the end with the long thread. The div-
er yresses in a small sleeve by manually turning the pressure {(clamping)
nut with o wrench. If the sleeve happens to be large, after assembling
the device and developing tension, the diver turns the pressure nut with

a long-handled wrench, and the insertion of the sleeve is accomplished
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with the aid of a sling lowered from the deck, where the ship crew or
the ship repair enterprise workers stretch the cable by mechanical
moans or by hand., The diver resets the wrench when it reaches the ex-
treme position, monitors the progress of the operations and sees to
the proper centering of the sleeve; if misalignments develop, he rec-
tifies them. After the sleeve has entered the stern tube for 2/3 of
its length and assuming that conditions permit it, for speeding up

the pressing-in process, the pressure nut is also turned from inside

the hull,
) 3 6,

Fig. 35. Pressing in the Bow Deadwood Sleeve with a Jack:
1 - gtern deadwood sleeve; 2 = stern tube; 3 ~ bow deadwood sleeve;
4 -~ forming flange; 5 -~ cushion; 6 -~ jack; 7 -~ bulkhead; & 8 -~ plug.
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Fig. 36, Pressing in the Stern Deadwood Sleeve with & Flange-Rigged

Bar from Within the Ship's Hull: 1 - metal closer (flange); 2 -

stern deadwood sleeve; 3 = flange with copening; 4 - washers; 5 -

pressure nut; 6 - rod; 7 ~ bulkhead; 8 — stern tube; 9 - nut and

locknut.
When the sleeve has reached its position, the diver fastens L1

its flange to the deadwood's morter with sHandard pins, then turns off
the nut and removes the device's stopper. The rod is tightenred inside

the ship while the diver pounds a wooden plug into the sleeve.

After this, the device's rod and flange are removed and the water
which has gotten into the stern tube is pumped out, The further actions
arc contingent on the actual conditions: whether to contiuus the work
on agsembling the shaft line, or to iastall a blind metal closer on the
bulkhead stuffing bhox.




The shaft brucket sleeves are pressed in with e simiiar device
of smaller dimensions. In this case, ail the tasks are performed by
the diver with rigging furnisked from the upper deck of the ship.

The replacement of the packing in {the deadwoecd stuffing bex can
be accomplished while the ship is afloat. For this purpose, we discon-
nect the propeller shaft and remove the comnsctiag flange. If a pro-
tective jacketv is placed between the propeller hub and the mortar,
the diver first removes tnis jacket. If it is inconvenient to gain
access to the deadwood's mortar from the water sice, with block-and-
tackle the shaft is moved by 200-30C mm into the stern.

The diver then calks the spauce between the shaft and the dead-
wood sleeve with black oakum. The stuffing box is removed, the pack-
ing is changed; the stuffing box is then installed in place and fag~
tened with standard pins or bolts. The diver then removes the calk-
ing, the propeller shaft is dragged into place, and the protective
lining (jacket) is pleced on its journal.

If the shaft has not been shifted and lacks a protective lining,
after removal of the calking from the gap in the deadwood, the diver

climbs out of the water.

Section 9. Laying Out the Axial Line of a Shaft While Afloat

The work involved in laying out & shaft's axial line calls for
bhigh gkill on the part of the performers and great care since it is
necesscry to superimpose the actual line of the shaft with a theorei-

ical one according to which the shafting is assembled.
/58
From the standpoint of the least deviations from the theor-

etical line of the shaft, it is best to assemble the shafting when the
ship (vessel) is afloat when its weight is distributed uniformly over

the hull a&nd is supported by the water.

Proceeding from these concepts, ve recommend the laying out of
the shaft's axial line while the ship is afloat, not only during the
repair but also during the construction of the ship.

The laying out of the shaft's axial line while afloat is achieved

either with extending a wire or with a light beam,
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Laying Out the Axial Line with a Drawn String. In the performance
‘'of this operation, for the base we assume the seating strip of the
shaft bracket or of the deadwood's mortar, under the stipulation that

their geometric dimensions are retained.

. The laying out of the axial line is conducted from the stern to
the bow of the ship. As the stern point for the axial line, we adopt
the center of the stern boriug of the deadwood or of the shaft brack-
et, and as the bow point, we adopt the center of the deadwoed's bow
boring, The laying out of the shaft's axial line is conducted after
the removal of the propeller shaft and the extrusion of the deadwood
sleeves, when the main engine is in place. If the engine has been pul-
led, in place of it in the double-bottom space in the region of the
engine bays, ballast (water) is taken on in a quantity roughly equal
to the weight of the engine which has been pulled.

In the presence of a shaft bracket (Fig.37), for the laying out of
the axial line with a string, the packing filler connecting the dead-
wood's mortar with the shaft bracket is installed.

The covering sheath consists of tube 6, flange 7 and of the stuf-
fing box filler 5, Before the placement of the sheath, we check the
tightness of the metval closer on the deadwood within the ship. The
covering sheath is then sent to the diver on slings. The diver knocks
out the wooden plug and installs the flange first, followed by the
covering sheath, which is tightly calked from both ends of the stuffing
box filler 5. The covering sheath is installed after the mounting of

the centering flange.

The centering flange 2, into the center of which is inserted the
: micrometer screw 3, is installed from the outside of the shaft bracket.
E The flange has the sealing strap 4 and the stuffing box filler 1. The
; seating (fitting) of the ceatering flange ontc the stern seating strip
is close (the clearance is not more than 9.18 mm). The gap is checked /59
with a feeler gage from the bow end of the shaft bracket.
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Fig., 37. Laying Out a Shaft's Axial Line with a String in the Pres-
ence of a Shaft Bracket: 1 ~ packing; 2 - centering flange; 3 -~ pro-
peller; 4 - sealing strap; 5 - packing; 6 — sealing jacket; 7 ~flange;
and 8 - string.
The centering flange has a slight conicity on the exterior belt for
precise fitting to the seatirng strip. To the micrometer screw, we attach
string 8 and it is stretched within the ship's huli,

The entire operation on laying out the axial line is conducted by
the conventional methods used by the metal fitters (for more details,
see below: "Laying Out of a Shaft's Axial Line with e Light Beam").

Laying Out of an Axial Line with a Light Beam. For the accomplish-
ment of this work, we utilize a special illuminating device (Fig. 38).
The illuminating lamp consists of the sealed frame 14 with cover 1l;
the frame contains chamber 15 with a light source, i.e, the hand-type
battery-powered lantern (fastened by clamp 11) or with the lamp 20
using 12 volts from the onboard network.

Chamber 15 is rigidly connected with the hinged joint 4, having
an opening for the passaye of the light beam. Joint 4 is fastened in /61
flange 6 by the pressure flange 12, having the illuminator 9 and the
coupling nut 7. By means of the two mutually-perpendicular screws 2,
extending to the outside, through the support bulbs 3, we can alter
the direction of the light beam by varying the position of chember 15.

The two springs, 10, provide the chamber with a stable position in

space.
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ciry 33, Illumianting Uevice for Laying Out a Shaft's Axial Line
with & Light Beam: 1 - cover; 2 - adjusting screws; 3 - support
bulbs; 4 = joint; 5 - removable flange; 6 - flange of joint; 7 -
coupling nut; 8 - wantle ring; 9 - illuminator; 10 - springs;
11 -« clawmp; 12 -~ presaure flange; 13 - mounting pins; 14 - frame
of illuminating device; 15 = light chamber; 16 - battery lamp;
17 = covering under electric bulb; 18 - ebounite strip; 19 - sock-
¢t; 20 = electric bulb; 21 - fitting; and 22 - electric cable.
by ping 13, frame 14 is fastened to the centering removable flange
which is prepared in place in eccordance with the outer strip of the
flzuge to the jointed connection of illuminator 6., The fitting between
flaanges 5 and 6 should be the slide fit according to class II of

accuracy with a clearance of not more than 0.23 mm,.

lu the utilization of the electric power from the network, to
tlie frame of the illuminator,there is mounted on a lining the ng
foruing cover 17 provided with the ebonite strip 18, socket 19 and
fitting 21, with a packing hole for the electric cable 22.

The use of the eleciric bulb 20 fed from the network is recom-
mended on the ships having a long stern tube. After the installation
of the sealinyg jachet and of the illuminating device, we remove from
the stern tube the bow cap, pump out the water which has gotten into

the dewdwood und we lay cut the shaft's axial line,
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Fig. 39, System of Installing Targets for Laying Out a Light Line:
l - deadwood; 2 = zero target; 3 -~ geometric axis of the deadwood;

4 - intermediate target; 5 - optical axis (light beam); by A, =

ordinates of deviation of light axis's center (of the light beam)
from the deadwood's geometric axis (in a vertical plane); Zo = the

PENRRSS—

length of deadwood in m; Zl = distance bstween the zero and inter-
mediate targets in m; and Iy = length of string in m, from zero to
last target.

For this purpose, the metal fitters install the zero target 2
(Fig. 39) in the bow center of the deadwood's mortar and align the
optical axis 5 of thoe lamp with the center of the zero target 2. Then
in sequence in a direction from the ship's siern to its bow, we set up
the intermediate targets 4 and with the micrometer screws available on
the targets, we align their centers with the optical axis of the lamp
(with the light beam) 5.

After this, the string (line) is extended across the targets; this
line is fastened in a stretched position., Ther a measurement is made of
the position of the foundations relative to the line, a sketch is drawn
of their arrangement and we establisn the diapla..meut of the shaft's
axial line in the horizontal and vertical planes relative to the dead-
vood's geometric axis.

On the basis of the measurements made according to the appropri-
ate formulas, we find the deviations in the luminous axig of the shaft's
line from the geometric axis of the deadwood's mortar, and we compile a
table of the displacements. In conformity with the date developed, we
perform the correctivn of the established bases (or we determine the
position of those being re-esteblished) and of the bearings (supports)
of the shafting line.

At the instruction of the metal fittors, the diver should turn
the adjustment screws of the lemp and by the same token, the optical
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axis {the light beaw) is aligned with the center of the zero target, 2.

Upon the completion of the tasks in the iaying out of the axial
line, onto the deadwood's mortar we once again place the bow metal
closer, while the illuminating lamp and the sealing jacket are dis-
assembled. From the outside, we place a stopper on the stern tube,
or else drive in a wooden plug.

Section 10. Tools and Instruments for the Underwater Repair

of the Propeller System
of
The tools and most of the equipment used for repair/the propel-

ler system undei water are the same as used during the repair of
ships in dock,

Under the conditions of underwater ship repair, to fucilitate the
divers' work, use is made of various special wrenches, e.g. the ratch-
et wrench (Fig.40) with a detachable bhead for turning off the pressure
nut to the screw propeller, the support bolts in the mechanical pul-~
lers, the nuts and bolts in the attachments for the extrusion and pres-
sing in of the deadwood and shaft bracket sleeves, and so forth.

The detachable head is mounted on bolts in the ratchet and permits
the use of the same wrench for nuts and bolts of different sizes (S =
41 - 110 mm). The tightening and loosening of the nuts are conducted
by rocking the handle. To increase the handle's length, it has a blind
hole into which & pipe can be inserted.

For loosening the nuts with a square head and for cutting threads
with taps, use is made of similar ratchet wrenches of other dimensions.
For the round nuts and streamlined cap nuts not having flat surfaces
and also for shafting nuts with a diameter ranging from 85-220 mm, use
is made of the crescent wrenches (Fig. 41).

For the very same purpose, we also utilize the double-ended wrench.
For the large pressure nuts, we use special heavy-duty adjustable and

open~ended wrenches.

For drilling out the pins and plugs on the fairings of the screw
propeller, we utilize a special attachment (Fig. 42).

Frame 1 of the device is fastened by means of the centering bolts
8 to the fairing 2 with the consideration that the drill 3 would be
positioned coaxially with the pin which was being drilled out.
~59-
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Fig. 40. Ratchet Wrench with Detachable Heaed for Nuts Ranging

from S = 41 - 110 mm in Size: 1 - lever (handle); 2 = jaws;

3 - pavl axis; 4 ~ ratchet; 5 - detachable head; 6 - pawl; and
T - stop.
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Fig. 41. Crescent Wrench for Remoeving Round Nuts and Streamlined
Cap Nuts. /65

The center of the drill restas on cleat 5, which is fastened by
pressure nuts 6 on pins 7 of the guide blocks 4.

In this menner, the diver is relieved of the need to press on
the machine during the drilling; he can monitor the progress, turn
the handle of the machine and thereby he cen assure the normal feed
of the drill, The device has been tested in the practice and justi-

fied itself completely.
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Fig. 42, Device for Drilling Out the Stops and Pins in the Screw
Propeller's Fairing: 1 - frame; 2 - fairing; 3 - drill; 4 - guide
blocks; 5 - pressure cleat (strip); 6 ~ pressure nuts; 7 - pins;
and 8 ~ centering bolts.
[68

CHAPTER 3
REPAIR OF RUDDER DEVICES

The repair of the submerged part of a marine rudder unit is conduc—
ted in case of the wear of the rudder stock in the points of its passage
through the rudder trunk when twisted and in the case of
the formation of cracks in it; in case of the wear of the bushings, col-
lar and bearing; in case of corrosion of the pins and sheathing of the
rudder fin, It is also possible to find breekages and missing parts of
the rudders, discrepancy in the actual position of the rudder fin vis-
h~-vis the readings of the rudder indicator.

Section 11, Elimination of Rudder Fin Deviation from
Diametral Plane

For checking out the position of the rudder fin, the diver is sent
down and he obsrves the positioning of the rudder on both sides. In
the case of detecting a deviation, the indicator needle is slackened
slightly, the rudder is reset to one of the extreme positions and the
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needle is set in position. The rudder is then moved to the other side
*in its exureme position. In this connection, the needle should indicate

the waximal conversion angle.

If coincidence does not occur, the adjustment of the rudder is re-
peated several times from side to side, the error is determined and
based on the arithmetic mean (figured on the basis of the rudder indi-
cator at the top), the indicator needle is set. When the rudder fin is
in the ship's diametral plare, the indicator should occupy the zero
position.

Section 12. Repairing Rudders Without Hoisting Them to L8I1-
the Surface

If the damages are minor, the rudder is not raised to the surface
end the diver fixes them on the spot. The cracks on the rudder stock
and fin are scraped and repaired by electric welding. The worn-out
rudder pintles are replaced; for this purpose, the rudder is raiscd
with a block~and-tackle (Fig.43), suspended on a gantry, prior to the
separation of the pintles from the collar, and is famtened with ropes.

Fig. 43. Suspension ol Vertical Rudder for Repair (on the Spot)
of Minor Damages.

The diver removes the cotterkey and releases the nut, the damayged
pintle is knocked out with a punch, and a new one is installed. If it
is not possible to knock out the old pintle, it is cut off, & new piece
is welded on, the joint is cleaned and the reinforcement of the joint
is filed down to size.
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rYor repairing the pgudgeons, the rudder is removed from the

rudder trunk aud is placed on the sea flocor or a scaffold, the

worn gudgeon is removed, e.y. by oxy-electiic cutting, and the repair
. is made. A new gudgeon is wade in the shop or on the ship and is in- i

staulled on the spot. The centering of the gudgeon is performed with
a line run through the helmport (Fig.44). Instead of centering with
a line, one can utilize a tube-conductor. According to the dimension
of the rudderhead, tne tube is passed through the remaining gudgeons,
the new gudgeon is mounted on the tube, moved into position, and /68
the tube is then removed. The application of the tube-conductor ex-

cludes any possible misalignment of the gudgeon.
The repair of the sheathing to the rudder fin (if the unit is un-
dumaged) is conducted under water with the application of patches pre-

rared according to a pattern.
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I'ig. 44. tCentering the Gudgeons of Vertical Rudder with Line.
The sheathing of the rudder fin is thin, therefore the welding on
of tihe patches is conducted carefully, with thin 3-4 mm electrodes with

luw current force.
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Each patch should be so placed that if possible its edges would
coincide with the unit of the rudder fin.

If the ship is not loaded and part of the rudder fin protrudes
above water, the patches are welded on without removing the rudder

from the gudgeons and without suspending it on rope rigging.
/69
After the welding of the patches in the sheathing, the rud-
der fins are drilled at the top and bottom, making one hole in each
place with a diameter of 8-10 mm (the upper hole in the part of the

fin which protrudes from the water).

Then through & hose to the top hole, we asupply compressed air,
and the water which has gotten into the rudder fin cavity is forced

out,

After removal of the water, we install metal caps on rubber lin-
ings in the drilled holes: first on the bottom hole, then on the top.

The cap is installed on the lower hole without disconnecting the
hose, and is done under pressure (slightly exceeding the hydrostatic)
of compressed air. Although this procedure is laborious, it assures
the prevention of water seepage into the rudder fin cavity,

Section 13. Raising the Rudders to the Surface

If the rudder has susteined exten: .+~ demages, it is hoisted up.
I:. this instance, if the design so permits, tihe rudderhead and fin are

raised separately.

The hoisting of a unitized rudder is conducted in the following
sequence: the rudder chain is disconnected, the key is removed, as
vell as the plate tiller or the rudder sector with the head, and the
tiller (sector) is shifted from the rudderhead by means of the con-
ventional wedge method. For facilitating the disassembly Zfrom the
rudderhead, the tiller or rudder sector is heated with a gas burner
or a blow torch. The stuffing box is then disassembled and an eye bolt
is screwed into the end of the rudderhsad. The rudderhead is slung by
the eye bolt with block-and-tackle, suspended or a gantry positioned
on the upper deck (Fig.45).
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Fig. 45, Pulling a Vertical Rudder from Under the Stern Overhang.

After this, a diver is lowered and if the depth is great under
the keel, a scaffold is sev up. From the next ship or from shore,
depending on conditions, the diver is provided with an auxiliary rope,
with which he rigs (glings) the rudder, then removes the keys, re-
moves or cuts off the nuts and knocks out the pins.

If the design of the rudder's structure permits it to be raised
without knocking out the pins (e.g. in the case of a hinged system),
the diver limits himself to the removal of the nuts and issues the
order for raising the rudder to the surface.

The hoisting of the rudder is performed under the supervision
of the diver. At first the rudder is raised vertically prior to the
emergence of the heel from the thrust bearing; the hoisting is then
stopped and the rudder is drawn to one side with the aid of a winch
mounted on shore or on another ship. The main cable is simultaneous-
ly slacked away. The pulled rudder is lowered to the ground or omto

a scaffold.

/170

The diver removes the eye bolt screwed into the rudderhead end
and re-rigs the rudder. If the rudder can not be accomodated on a scaf-
fold, over the side from the upper deck, an extra line is run; with
this, the diver lashes the rudder at the point of the rudderhead's
connection with the fin. At relaxation of the main cable with the
block-and-tackle, the rudder's weight is transferred to the auxili-
hry line. After this, the main cable is removed and tha rudder is

hoisted to the surface.

65—




Section 14, ltepairing the Gudgeon Bushings and the Rudder
Thrust Bearing

The worn-out bushings are extruded with a puller, repaired and
pressed back inte place, or else new ones are assembled. The puller

is used according to a design analogous to that described above, in

conformity with the gudgeons' dimensions.

For removing the bushing from the beering seating, the diver
drives a wooden arbor (Fig. 46) into the bushing and unscrews the
bushing plug. Onto the collar, a clamp is then mounted, through use
of a drill., With a drill bit having a diameter equalling the thick-
ness of the bushing's walls, we drill the bushing at 2 or 2 points

over its entire length., The bushing cut into pieces in this marner

is removed from the bearing seating. At the same time, we remove the

wooden arbor and the lens (if one is present).

Fig. 46, brilliung Out the Bear-

1ng Bushing of Vertical Rudder:

L -~ hole for pluy; 2 - thrust

bearingy; 3 - drill; 4 - clamp;

5 « collar; 6 - bushing; and V-
wooden arbor.

Fig. 47. Pressing in the Gudgeon
Bushing of Vertical Rudder:

1 - release strip; 2-pressure
bolt; 3 - rudderhead; 4-gudgeon;
5 - arbor; 6-bushing; 7-hole for
plug; and 8- hooks.

The bushings of the rudder gudgeon or thrust bearing are pressed

it by means of a special pressurizing device (Fig.47). The diver pla-

ces bushing 6 in the socket, mounts a device on the gudgeon of rudder-

head 3; this device (attachment) consists of arbor 5, hooks 8, trans-

verse strip 1 with a hole cut in the middle, and of pressure bolt 2.
After the hub (bushing) is pressed in, the plug is installed, the

attachment is disconnected and released for hoisting up.
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Section 15. Installation of Rudders on the Spot

The installation of a one-~piece rudder on the zpot after repair
" is conducted in the following sequence. The rudder with a lug screwed
into the rudderhead's end is lowered on a rope to the diver. A second 2
rope is lowered from the upper deck through the rudder trunk (helmport),
the diver lashes it by the eye bolt , and slackens the first rope.
In addition, he rigs a line from an auxiliary winch set up on shore.

The operations are conducted in the same way as in the pulling of
the rudder from under the stern (Fig.45), but in this instance, the
line from the main block—-and-tackle on the upper deck is tightened,
while the line from the auxiliary winch 1s eased off., The diver regu-
lates the movement and hoisting of the rudder, directing it in such a
way that the rudderhead would enter the helmport and would not lamage
it,

After the rudderhead is moved, the rudderhead is hung vertically
and the auxiliary line is slackened. The rudder heel is then brought
to the thrust bearing and the rudder is lowered. As soon as the heel
is in place and the gudgeons line up, the pins are inserted, secured :
with nuts, and the cotterkeys are assembled. If the pins had not been t
knocked out, then enter the gudgeons simultaneously with the seating i
of the rudder heel.

At the top, from the rudderhead end, the eye bolt is removed, the
stuffing box is assembled, and the rudder sector or the tiller c¢ve in-
stalled in place.

Section 16. Repair of Horizontel Rudders

The repair of horizontal rudders while afloat, other than the
minor damages which are repaired similarly with the methods already
described, reduces to the disasczembly of the rudders for hoisting to ' i
the surface and the subsequent assembly after their repair in shop.

A design feature of the horizontal rudders is the presence in the rud-
‘derhead of two cones with cut shanks; therefore the removal of the

rudders is similar to the removal of the screw propellers.
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Firgt we remove the cotterkeys, pull the fairings, pressure
nuts, and then we disassemble the rudder. The tapered keys are
knocked out with a drift and a sledgehammex; the rudder fin is
removed with wedges or by means of mechanical pullers.

In the installation, the horizontal rudder fin is moved onto
the shaft's cone and is finally adjusted into plece by turning the

pressure nut.

CHAPTER 4

REPAIR AND INSTALLATION OF NEW SIDE FITTINGS (MOUNTINGS)

In the practice of underwater ship repair, we often encounter
tasksinvolving the repair and instellation of new side and bottom
fittings, and also the replacement of the protective strips and rings.

Section 17. Replacing the Gratings of Side Mountings

Before starting the operations, the diver checks tho design of
the grating's fastening and the sizes of the bolts (or nuts), then
rigs the grating with a hemp rope lovered from the deck.

The nuts are removed with a socket or speciel wrench with a
curved handle. The nuts usually have a right-hand thread; there-
fore, they are removed by turning the wrench to the left. After
the removal of the greting, the diver carefully cleans the hull
sheathing at the contact points of the grating and the shaft with
the exterior surface. In the grating's installation, for its close
fit over tho entire perimeter, the nuts are turned alternately, with
a graduel tightening.

Section 18. Cleaning the Kingstons and Other Side Mountings

For the preventive maintenance cleaning of the kingston, after
the removal of the grating, the diver places in the same holes a
metal cap with a rubber lining; he then opens tbhe kingston valve
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from inside the ship. If the round grating is welded into the hull,
an umbrella~shaped cap is installed above it (Fig. 48).

Such plugs are often mounted on the side fittings of ships dur-

ing e winter layover.
114
If the grating is rectangular in form, in place of the plug

ve install a box-~caisson on under-keel szlings, which during the open-
ing of the fitting presses against the ship hull owing to the dif-
ference in the pressures,
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Fig. 48. Metal Umbrella-Shaped Closer for Round Side Openings:
1 - flange (closer); 2 - forming bolt; 3 - nut; 4 - washer;
5 - protective grating of side opening; 6 - ship sheathing; and

L d

7 - rubber lining (padding).

Section 19. Replacing the Pins of the Side Mountings

If the pins have been eaten by corrosion or the thread on them
is stripped, they are replaced. Usually, however, the pins are so
covered with rust (jammed) that they have to be drilled out. If the
pin has not been broken, cne should try to turn it out.

For the extraction of the pins with a diameter up to 22 mm,
we use & special wrench equipped with a cam (Figures 49 and 50).

The wrench is placed on pin 2 with cam 3 set in the extreme
position (see Pig. 50a). If the pin has a right-hand thread, the
cam must be turned from left to right, i.e. in a clockwise direc-
tion, and vice versa. The cam 3 is turned around its own axis 4
anrd presses pin 2 closely against the inner walls of hull 1 and
"wedges it up" (see Fig. 50b).

During the unscrewing of pin 2 with the wrench, owing to fric-
tion cam 3 will press even more strongly or pin 2, forcing it
against the walls of hull 1, and will provide the transfer of the
torque to the pin (see Fig. 50b) and turp it out of the socket.
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If no sbocial wrench is available, the diver turns two nuts
as far as they will go on the pin, pressing their ends close go-
gether; he then applies & standard wrench to the lower nut (in
contact with the sheathing) and turns the pin out,

In the installation of new pins, one can also utilize 112-
two nuts, but it is necessary to apply the wrench to the top nut.

——
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Fig. 49. Cam (iccentric) Wrench: 1 - handle; 2 - frame; 3-cam;
and 4 - cam axis.

For removing the small pins, use is also made of a socket
wrench with removable socket (Fig.51).

Fig. 50. Operating System of Cam Wrench: a - position of cam
during placement of wrench on pin; b - position of cam during
removal of pin; 1 - wrench frame; 2 - pin; 3 ~ cam; 4 - cam
axis; the arrows show the direction of pin's turning and of
wrench frame and cam during removal of the pins.

The detachable socket 3 with opening to conform with size of pin 5
is placed in frame 2 and blocked with bolt 4. The pin is then

turned into the socket and pressed by bolt 1. The top of frame 2 has
edges as a conventional adjustable wrench.
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Fig. 51. Socket Wrench wi%h Removable Socket: 1 - check-bolt;
2 - frame; 3 - removable socket; 4 -~ set (binder) bolt; and
5 - pin.

Section 20. Replacement of Protective Strips

During prolonged stay in sea water, the zinc platings become
completely unfit for use because of corrosion and have
to be replaced periodically. The wormout protector is removed with
e screwdriver or small bar,  the retaining screws (usually
with a recessed head) are turned out with a screwdriver or flat pli-
ers. The diver carefully scrapes clean the protector's points of
contact and installs a new protective plating.

Secticn 21. Installation of New Bottom Fittings

New bottom mountings are installed while the ship is afloat:
the kingston valves, depth finders, mechanical logs, and so forth.
This is usually necessary in replacing the engines and fittings /77
including the installation of new devices connected with the side.

Figure 52 illustrates the installation of a kingston valve in
calm water in the technological sequence.

From within the ship hull, with a perforating gun, a hole is
shot in the outer sheathing precisely in the center of the kingston
valve's point of installation (Fig.52a), and a wooden plug is pounded
in (Fig.52b). Using the plug as a guide, the box-caisson is set up
(Fig. 52c). The closeness of the caisson's fitting is checked by
brief openings of the plugged hole,
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Fige 52. Diagram Showing Steps Involved in Installing a New

ningston Valve in Calm Water: a - hole shot in the sheathing;

b - closer (plug) installed; ¢ - box-~caisson in place; d - hole

has been cut; e -~ support ring has been welded on; and f) king~
ston valve's fittings have been mounted.

Then a hole is cut to conform with the size of the kingston
valve (Fig. 52d) and the support ring (Fig.52e) is welded on. For

& higher quality welding and to avoid deformation, we recommend
that a slight filtration be left and that the support ring be weld-
ed under water. In this case, the pins present in the support ring.
will coincide exactly with the holes in the kingston valve's flange.

The next step is to pump part of the water out of the box-cais-
son and to fasten the kingston valve's fittings (Fig. 52f). Upon the

completion of all the tasks and the closinyg of the kingston L18

vulve, the box~caisson is removed.

Installation of a kingston valve in a current is dome without
the use of a box—~caisson. The succession of steps is shown in Fig.53.
In the shaft in the ship's sheathing, a hole is punched (Fig.53a),
which is also sealed with a plug (F1g.53b). The diver then utilizes
a sealing device, consisting of & rod, cap with a rubber lining,
cross wembers and nuts. On the rod are mounted a mantle (support)
ring, flange and frame of the kingstcon valve (Fig.53c). The required
seal is then developed by tightening the nut. After the stoppage of
the filtration, a hole is cut from inside the ship (Fig.53d), and a

sunport ring {l'ig.53e) is welded on. This work is performed in an
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above~water position or with the flooding of water, having entered
the shaft during the installation of the sealing arrangement (device).

After the fastening of the kingston valve, a flange is mounted on
the support ring from above. The sealing device is removed; moreover,
at the moment of removing the rod from the kingston valve, a wooden
plug is driven into the flange opening. It is necessary to see to it
that the rod does not get moved entirely out of the kingston valve
prior to the insertion of the plug (Fig.53f). The next step is to
close the kingston valve with a sluice valve and to remove the plug.

In placing of the mounting of the sealing device with the rod
and cross piece, a metal cap can be placed on the pins, In this case,
in the center in place of punching & hole with a gun, we drive in a
pin, which serves as a reference point for the installation of the
cap. Then, using the holes in the cap as conductors, with the perfor-
ating gun we drive the remaining pins around its circumference. The
next step is to remove the cap temporarily from the pins, install the
rubber lining, place the cap on it, and tighten the nuts,

Further, the seating of the kingston valve is accompl ..aed in
accordance with the above-described technique. Upon completing the
assembly of the kingston valve, the cap is pulled, the pins are cut
off and welded over if required.

The installation of the echo sounders and the logs is similar
to that of the kingston valves.

In the repair and installation of the new bottom fittings, just
as in the conduct of the other tasks associated with the opening of
the side holes, water pumping equipment is made ready and guards are

put on duty.
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Fig. 53. Steps Involved in Installing a New Kingston Velve in
a Current:

a ~ a hole shot in the sheathing; b - closer (plug) has been

fitted; ¢ ~ moment of applying the device, bolt is passed

through the kingston valve fitting, the sluice valve is open;

d - device has been mounted and hole has been cut in sheathing;

e - mantle (support) ring has been welded on; f - kingston

valve installed, moment of removing the device, sluice valve

is open; to avoid entrance of water into the shalt, a plug has
been inserted in the kingston valve,
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CHAPTER 5
UNDERWATER WELDING OF METALS /80

Welding is the process of obtaining inseparable joints of
solids, characterized by interatomic bonding, and as a result by
continuity of the internal structure. In the underwater comditions,
use is made only of the electric-arc welding with a melting electrode

based en N. G. Slavyanov's technique.

The concept of underwater welding belongs to the famous
Russian inventor N. N. Benardos . However, electric arc under water

was initlally utilized for cutting purposes by Benardos himself, in conjunction
with the Russian physicist D,A, Lachinov in 1887,

The first experiments involving the underwater welding with
a metal electrode were accomplished in the welding laboratory of
the MEMIIT by Academician K.K. Khrenov in 1932, As a result of
the research studies, the basic features of the underwater weliding
process were studied, the first electrodes were developed, and

a procedure for performing the tasks was established.

In the literature, examples are described of utilizing under- '
water welding and cutting during the raising of the "Boris" steamer
from a depth of 48 m, in the salvaging of the 'Sibiryakov" ice
breaker from a rock, in saving the "Ussuri" steamer, during the
welding of the water-conducting sag pipes in Leningrad, and also

in other instances.

Underwater electric welding and cutting has become quite
popular in the emergency rescue, ship-repair, ship-raising and
underwater—-engineering operations during World War 2.

Section 22. Features of a Welding Arc Under Water. /81
Lighting and Maintaining the Arc.

The heat source during the underwater welding is an electric
arc discharge, usually called an electric are. The arc burnmns
between the continuously melting electrode and the product which

is being welded.
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Under water, an arc has features which differ appreciably
from an arc burning in the air; these features affect the

characteristics of the welding process.

Vhereas in air, the temperature of & welding arc burning
between two iron electrodes will fluctuate within the limits of
5000-6000°K, under water the temperature of the welding arc within
the limits of depths not exceeding 10 m, comprises roughly 7000~
9000°K,

Under water, the arc is enclosed in a closed vapor gas bubble,
maintained by the evaporation and dissociation of water, the com=-
bustion products from the product's metal, of the electrode and

its mineral coating.

During the burning of the arc in the vapor-gas bubble, a
counterpressure is created. The arc so to speak itself creates
the conditions for its own existence. According to the research
data, the vapor-gas bubble consists of hydrogen, carbon dioxide,
carbon monoxide and a small quantity of hydrocarbons and oxygen.,
As the investigations have indicated, with an increase in the
pressure, the hydrogen content of the bubble rises and at a depth
of 100 m during welding with coated electrodes, it attains 77.5%.

The increased pressure of the gases in the vapor-gas bubble
and also the presence of a slight amount of hydrogen possessing
high heat conductance, exerts a ccoling effect on the arc. The
bubble's walls are mobile, since periodically a part of the gases
leaves the bubble, breaking through to the surface.

The perturbation of the welding arc under water is realized
just as at the surface by contact of the electrode with ,the object

being welded.

At the instant of the electrode's contact with the object,
owing to the contact resistance at the end of the electrode,
heat is released which initially causes a heating of the water,
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«,follow by steam formation at the place of contact. 1In this
vay, & vapor-ges bubble is formed which expands at the moment
of separation of the electrode's tip from the object and at the /82

time of the arc's formation,

The diagram of the arc's burning under water is shown in
Fig.54., Under the effect of the arc's heat, the object's metal
melts, forming a welding bath., Its size depends on the electrode's
diameter and the force of the welding current. In the center of
the bath, a pocket is formed, called the creter. Beilween the
crater's bottom and the electrode, the arc's column is located.

The depth at which the object's metal melts under the effect of
the arc's heat is =aid to be the peunetration depth.
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Fig. 54. Diagram Showing Burning of Welding Arc Under Water.
Key: a) penetration depth; b) slag; c) gas bubble around
arc; d) metal fragments; e) turbid cloud; f) gas bubbles;

g) lubricanti; h) rod; is deflector; j) molten metal bath;

k) arc; and 1) crater,

The quality of the weld is judged from the penetration
depth. It is conventional to consider that the greater the
penetration depth, the higher the quality of the weld, W2 there-
fore recommend that the welding be dome with a short arc in order
to obtain a greater penetration depth. An arc with a length
.equalling the electrode's diameter is said to be short. The arc's

length usually does not exceed 3-5 mm.
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During the welding process, the melting metal of the electrode
mixes with the molten metal of the object and forms the welding
seam, above which the slag accumulates. Juring the burning of
the electrode's rod, the coating melts forming a deflector, while
the combustion products form a small turbid cloud and gas bubkles.
The arc's burning is accompanied by a spraying of molten metsal,
usually associated with the passage of the drops into the welding
bath,

Depending on the composition of the electrode's coating during

manual welding and the composition of the electrode bar, the transfer

of metal from the electrode to the seam acquires various forms.

The coptimum form assuring high mechanical properties is the fine-
drop transfer, which typifies the manual underwater welding. The
diagram of metal transfer during electric-arc welding is represented

in Fig. 55.

s T AT TR T
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Fig. 55. Diagram Showing Metal Transfer in Arc¢: a~burning

of arc; b-formation of drop; c~trarsfer of drop into bath;

and d-original position.

At the first moment of the arc's burning, there occurs the
melting of the electrode end and of the object's metal (Fig.55, a).
Then under the effect of the arc’s heat, a drop forms on the
electrode's tip (Fig.55, b). Under the influence of gravitational
force, owing to a weakening of the forces of surface attraction
and also under the effect of electrodynamic forces directed along
the axis of the arc's columm, the drop breaks away from the
electrode and transfers to the object (Fig.55c). The arc is then
reactivated and the cycle is repeated (Fig.55d).

Welding under water is accomplished with direct current with
direct (minus to electrode) or reverse polarity (minus to object)
depending on the type of electrodes and the kind of work which
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is being done, It is also possible to weld under water with
alternating current but its utilization is not desirable since
with direct current, the conduct of the process of welding and
cutting is easier and the arc's burning is more stable.

The welding arc is a conductoer of electric current; just as
any electric conducter, it is surrounded by a magnetic field.
the arc's magnetic field during the welding of large objects, e.g.
of ships, boilers etc. interacts with the mass of the object and
causes its deviation from the electrode's axis., The arc begins
to burn unsteadily (to wander), and welding becomes impossible.
This phenomenon has been given the name of the magnetic "blowing"
of the arc.

Fig. 56. Diagram Showving Connection of Revers® Line to Object
from Both Sides. 1 ~ electrode; 2 = direct line; 3 - gemerator;
4 ~ reverge lime; 5 - branching of reverse line; 6 - metal
which is being welded.
The wandering (straying) of the arc depends on the concentricity
and thickness of the electrodes' coting, on current distribution
and other factors. Magnetic blowing is manifested more stirongly

during welding with DC.

One of the methods of counteracting the magnetic blowing is
a change in the angle of the electrode or a modification in the
direction of the welding, e.g. from the edge to the center of a
_ sheet. Good results are obtained by transferringthe eonnecting

point of the reverse cable to the object closer to the point of
welding. Excellent results are also obtained by the branching of
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* . the reverse line and its connection to the object from two sides

(Fig. 56).

The magnetic blowing is lowered significantly by a careful
fitting of the sheets which are being welded and a reduction in
the clearances, The arrangement of a work post while welding

under water is shown in TIig. 57.

Fig. 57. Layout of Work Station for
1 - rheostat; 2 ~ type SGP-3-VI welding generator; 3 -
electrode holder; 4 - electrode} and 5 - product.

Section 23, Electrodes for Underwater Welding

The electrode used for menual welding under water is a round
metal rod 350-450 mm long with & diameter of 4-6 mm,

To the electrode, we apply a conceatric uniform layer of
mineral coating (smearing). Depending on the brand and diameter
of the electrode, the thickness of the coating will vary within the
limits of 0.5-1.3 nm on a side. Qa one end of the electrode, there
will remain an uncoated section wbich serves for conducting the
welding current and the attachmeint of the electrode in the electrode
holder.

In the preparation of the electrodes for manual underwater
welding, use is made of the stecl wire, brand Sv-08A according
"to GOST (State Standards) 2246-50 (see Appendix 7).
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The electrode coating assures a stable process of the arc's
burning and improves the quality both of the weld metal and of the
welded joint as a whole; it also enhances its mecharical preperties,
i.e. strength, plasticity and density. This is achieved by including
in the smear (coating) the components which complete the burning
elements, improve the ionization of the arc gap and the formation
of the gas and slag protection of the joint, that is, they form /86
light substances floating to the surface of the weld metal; upon
hardening, these substances also cover the hot metal with a slag skin.

The slag skin assures the gradual cooling of the seam (joint)
metal and protects it from the penetration of various gases surrounding
the arc beneath the water, chiefly hydrogen.

The coating of the electrodes for the underwater welding should
have increased strength and should not chip away from the impact of
the electrode against the object being welded, during the excitation
of the arc, should be elastic so that it will bend together with the
rod. During drying and in case of prolonged storage, the coating
should not have become cracked, since in the underwater conditions :
in case of the penetration of water (especially saline), it quickly :’ﬂ
disintegrates. The composition of the coating of the electrodes is
given in Appendix 8,

In addition, the coating should create a strong hydro-and 4
electrical-insulation of the electrode rod, should not swell in
vater, and during the welding, it should form the so-called "shield"
which favors the stabilization of the welding process.

The electrodes designed for underwater welding are unsuitsble

for working in air. Contrariwise, the electrodes which are utilized
for welding in air, with a minor exception, are not suited for
working underwater, even if a waterproofing has been applied to them.

In the absence of special electrodes for underwater welding,
use is often made of the popular electrodes with the mine-acid
coating, brand OMM~5 and TSM-7 (class E42, GOST 9467-60) with the

-81-~




application of waterproofing to them. However, this is not
recommended, since as & result of the presense(in' the coaling
of such electrodes) of gas-forming substances,the welded joint

turns out to be porous.

Grades (brands) are assigned to the electrodes in accordance
with the coating's composition. The most common are the brand
EPS-5 electreodes and in recent years, the EPS-52. The technical
specifications for the underwater welding electrodes are listed in

Appendix 9.

The technique involved in manufacturing the electrodes for
welding in air has been exhaustively described in the literature
and there is no need to include it here. In addition to the
composition of the coating, the electrodes intended for underwater /87
velding differ from the conventional electrodes by virtue of the
presence of a waterproofing layer which is applied after the mineral
coating, drying and tempering of the electrodes.

Since in the operation of the USRS (Underwater Ship Repair
Station) conditions often do not exist for observing the regime
for the storage of the electrodes and they become damp, it is
necessary to dry them and to restore the waterproof coating directly
at the USRS.

The simplest waterproofing is paraffin which is applied to the
electrodes in a molten state (the electrodes are placed in the
melted paraffin aund they are "boiled" for several minutes).

As waterproofing material, use can also be made of Zapon,
bakelite lacquer, celluloid thinned in acetone, etc.

Currently, for the waterproofing of electrodes for underwater
welding, extensive use is made of perchlorvinyl resin or copolymer
of chlorvinyl with venylacetate diluted in dichlorenthane (7%

solution).

The waterproofing is accomplished by a three~ or four-fold

submergence of the coated electrodes in the solution followed by
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air drying until complete dryness at room temperature after each

S N

immersion.

In order to distinguish the grades of the electrodes from one
another quickly, on the uncoated ends an identifying paint is applied,
e.g. the brand EP-35 electrode (formerly the 27-09) ie painted white,
while the EPS~52 is left unpairted. The electrodes for underwater
welding have not been standardized (GOST specifications have not
been written), and the color of the distinguishing shade for them
is not regulated. It is necessary to store the electrodes in a dry,
cool location. They are packed in sets each weighing from 3-5 kg,
are wrapped in parchment or casing paper, and are immersed in melted
paraffin.

To each box of electrodes, & label is affixed showing the name
of the plant-supplier., the brand of electrode and the coating, the
welding conditions and current polarity, dates of manufacture and
the stamp of the Techuical Inspection Department (TID).

The bundles with the electrodes are packed in wooden boxes,
and sometimes in ircn cases lined with tarpaper and wrapped with -
wire. At the present time, it is customary to place 27 kg in each '

box.

Into each box, the manufacturer inserts a packing list and /88
certificate of the electrodes, or instruction for their use,
During transportation, the boxes containing the electrodes should

never be ithrown.

Section 24, Tools and Fittings for Underwater Welding

The electrode holder for underwater welding is the principal
tool used by the diver-welder. Amoag the various designs of the
electrode holders for underwater welding, for simplicity and relia-
bility of operation, we can recommend the EPS-2 electrode holder,

having become most popular in the fleet (Fig. 58).

-83~




)
ZW.V//// N
///”//M

Fig. 58. Electrode Holder for Underwater Welding (Holder Is

Type EPS~2): 1 - stay screw; 2 - sleeve; 3 - contact nipple;

4 - textolite cap; 5 - key; 6 - pressure nut; 7 - rod with

filed square section; 8 = handle; 9 - brass rings; 10 - rubber

sealing ring; 11 - stuffing boex-type bushing; 12 - welding

cable; and 13 - outer view of electrode holder.

Onto the trass or bronze current-conducting rod 7, with a

recess for the sealing in of the welding cable 12 on one end,
and a thread on the other, there is screwed on the brass (bronze)
sleeve, 2. In sleeve 2, a hole is provided for accomodating the /89
electrode. Rod 7 is inserted into the textolite handle 8, forming
the frame of the electrode holder, while sleeve 2 is inserted into
the textolite cap 4, forming its head. Rod 7 is shorter than
handle 8, therefore the sealing (soldering) of welding cable 12

proves to be within the frame,

The frame's airtightness on the side of the cable is provided
by one rubber ring, 10, and by two brass rings, 9, compressed by
the gasket bushing 11, Rod 7 is held in handle 8 with the aid of
the pressure nut 6, and to avoid turning in handle 8, on rod 7 a
square section is filed, which is placed in the corresponding square
hole within handle 8. Sleeve 2 is fastened in cap 4 by screw 1

and key 5.
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The electrode is inserted by its uncoated end into the holder's
head. PFressure is exerted on the electrode by turning the head
clockwise as far as it will go, i.e., until the contact nipple 3 of

rod 7 rests against vhe electrode's lateral surface.

Heplacement of the electrodes is accomplished in reverse order:
the head is turned counterclockwise and the released electrode stub
(or the electrode) falls out of the hole. The holder is so arranged
that the compression and extraction of the electrode are each accow-
plished by turning the head within the limit of one turn. If the
electrode stub fails to drop out when the head is released, the holder
should be shaken or (after having made certein that the welding cir-
cuit is cut off), one should pull out the stub by hand. However if
the electrode stub still does not come out, one sheuld tap it lightly
with a hammer or wiggle it back and forth.

The EPS~-2 electrode holder is intended for use with the electrodes
ranging in size from 4-6 mm diameter and for & maximal current force
of 400 amps. We solder into the holder a piece of brand NRSHM or
RSHM cable with a section of 50 mm2, a length of 1.5 m fitted with a
cable adapter or with a connecting half-sleeve,

In working with the holder, one should pay attention to its
airtightness (sealing of the frame, head and connections), and in
the process of operation, one should periodically clean the contact

nipple 3.

The auxiliary tools used by the diver-welder consist of a
hammer, a cutter or chisel, end type and flat wire brushes for
cleaning the points of welding and the joints (Fig.59). In addition,
we recommend that one have a feeler gage for checking the clearences
and the correctness of fitting of the sheets or of the patches on
the sheathing (Fig.60). For cleaning the joints, one can also

- utilize a pneumatic or electrical tool.

The tool is lowered to the welder on a rope (pendant) cor in a

bucket with a screen bottom,
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Fig. 59. Tool Kit for Underwater Welding and Cutting: 1 -
flat wire brush; 2 - hammer-cutter; 3 - end type wire brush;

4 - open-end wrenches; 5 - lid; 6 - fitting for oxygen tank;

7 = clamp; 8 - EPS-2 electrode holder; 9 -~ reducerj 10 - box
housing} 11 ~ lock; 12 - compartment for expendable material
(cloths, lashing wire); 13 - official location for documentation;

and 14 - gpecial key.
For protecting the diver-welder's eyes, use is made of the /91
type ES dark glass (light filter), just as during the welding at
the surface, only it is a lighter giass mounted in a apecial
adjustable type of device which is fastened to the rim of the front
illuminator in the diving helmet and car bhe tilted according to the
desire of the diver (Fig. 61).

It is recommended that the tools for underwvater welding and
cutting be organized in a standard packing box., Such a kit (Fig. 59)
for the tools and a small quantity of expendable materials (for the
first case of an accident) should always be kept in proper order and

ready for immediate use,
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Fig, 60, Feeler Gage for Measuring the Clearances.

The kit should include: electrode holders for underwater
welding and cutting; a dual-chambered oxygen reducer; a protective
device (light filter) for insertion in the fromt 2light of
the diving helmet to the triple~bolt diving suit; connecting halfe-
sleeves, a clamp for connecting the result cable to the object being
welded, with a cable piece having a section of 50 mm2, brand RSHM
with o length of 250 mm; a cutting hammer, wire brushes (flat and f
eud type), open-end wrenches, a screwdriver; an attachment to the
cxygen tank and expendable material--~brass wire for the lashings,
insulation tape, silk-reinforced rubber and cleaning cloths.

/92

Fig, 6l. Device with Protective Glass in Front Light,
of uviving ilelwet: wu - position of protective glass during
welding; b ~ position of protective glass during work breaks.
lu addition to the storage box, the kit should also include
two reels to the cable, brand RSHM with a section of 50 mmz, and
eacii 75 m in length; an oxygen feedor nose with diameter of 9.5X18
mm with a length of 60 m (three boses each 20 m long) equipped with
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adapters; six packets of electrodes for underwater welding and an
electric-oxygen cutter; instructions for the operation of the equip~
ment, its technical certification and instructions for the welding

and cutting of metals.

For convenience in the diver-welder's work, the cable used for
underwater welding should be fairly flexible. 1Its cross section in
the sector directly fed to the diver-welder should not exceed 7Omm2.
The cable should have reinforced insulation, be resistant to sea water
and to petroleum products (solar oil, mazut/residual oil/, etc.).

For the underwater welding, use is made of the brand RSHM or
NRSHM cable. The welding circuit should have direct and return
leads. One should never utilize the hull of the ship being repaired
or of the salvage ship as a return lead, since the electrolysis causes
an intensified corrosion of the ship's hull.

The flexible welding cable is stored on the ship on reels of /93

50 m each and is rigged at the ends with cable adapters or with
connecting half-sleeves.

Fig. 62. Connécting Sleeve for Welding Cable During Underwater
Welding: 1 - plug; 2 - welding cable; 3 = rubber insulation;
4 - socket nut,

The connection of the standard cable adepters is realized with
the aid of a bolt and nut. To avert wetting the contact and the
leakage of current, the connecting point is carefully covered with
insulating strip. However, as experience indicates, such a joint
does not guarantee airtightness and soou becomes disrupted during

work in sea water,
The cable connecting sleeves are mcre reliable. Several designs

of the connecting sleeves are available: with bolt or without bolt;
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with soldering of leads, or without soldering; with the utilization
of an expansion-type cone, and so forth.

The sleeve's design (Fig. 62) assures rapidity of action and
complete sealing. For connecting the cable, it suffices to insert
one half~sleeve into the other and o turn them by 4 turn relative
to one another, The second (return) lead is connected to the object
(being welded) with a clamp.

Section 25, Power Scurces for Underwater Welding

The DC welding generators serve for powering the welding arc.
A feature of these generators is the drooping volti-ampere charac-
teristic, Ly volt-ampere characteristic, we cennote the curve of
dependence of voltage variation at the external genserator terminals
on the load current,

According to the conditions of the process, the voltage at the
welding generators' terminals should decrease with an increase in
the welding current, while in case of a short-circuit, when voltage
at the terminals equals zero, the short—circuiting current should ia
not exceed the working current by more than 1} - 2 times. The current '
sources supplying the welding arc under the water should have
intensified power and no~load voltage to assure easy ignition and
stable burning of the arc, without ceasing to function if there is
a short circuit, and quickly restoring the voltage following a short-

circuit condition.

According to GOST 304-51, 10594-63, the welding generators
should restore the voltage after a short circuit up to 25 volta
within 0.05 second. The no-load voltage should not be below 65-70
volts, while for deep-water operations, it should not be under 85-90 v,
The welding generator should provide a rated force of welding current
amounting to 350~400 amps and its regulation within wide limits.

For underwater welding under autonomous conditions, use is

made of the DC welding installations equipped with a primary motor.
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They ore normally set up on the upper deck of the ship undex
repair or on an auxiliary floating drydock. In connection with
this, the autonomous welding installations should moreover provide
normal operation at ambient air temperature in the limits of +40°C
‘0 ~25°C; relative humidity to 95%; vibrations up to 2,000
fluctuations per minute, with amplitude ranging from 4 to 0.3 mm

and inclination angle of +159.

The welding installation should have a cover to protect it
from precipitation and should be completely covered with metal
blinds; it should have an eye bolt for hoisting with a crane and
rollers underneath so thet it can be moved about the ship deck.

The design of the welding installation should permit repair without
removal from its freme. The insulation must be moisture-resistant
while the generator shoulu be a spray-resistant model provided with
selfwventilation., The f¢llowing types of welding machines can be
employed for underwater welding,

l, Staticnary type of welding installations--machines for
commercial use, type SMP-3-1V or in the marine model--SAM-400,
SAM~400~-1, and others.

The technical specifications of the welding installations are

presented in Appendix 10,

BEach of these installations consists of a welding generator
and of an electric motor installed on e common mounting base and
connected by a flexible sleeve, Such installations are placed in

the enginerooms or in specially designated areas.

2, Mobile welding installations: +these are the welding
transformers PS-500, PS0-500, PSU-500, wheel-mounted in the single
frame design equiped with the flange type of electric motor, mounted
on one shaft with the gepnerator armature; the technical specifications

are listed in Appendix 11;

--the autonomous welding installations with internal combustion
engines mounted on a rigid metal frame, ty_e SPAZ-3a, PAS-400-VI,

-90~
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PAS-400-VIILI, ASD=3~1, ASDP=500 and others; the carburetor-type
of engire is connected with the generature armature by a sleeve
joint; the installations are provided with the type SMG, GS and
SGP welding generators.

Control of the welding current's ferce is adjusted in these
generators with a rheostat connected in-gseries in the circuit of
the excitavion shuni-winding. The motors in the installation are
furnished with starting-control equipment, measuring devices and an
automatic voltage-reduction unit (ASN-55). This unit is intended
to assure safety in the underwater welding activities and fuel

economy during work interruptions.

At closing of the welding circuit, the ASN=55 acts on the
engine carburetor, opening the throttie valve, by the same token
raising itsrpm to the nominal, and providing the necessary voltage
to the teéerminals of the welding generator., The circuit of the
ASN=55 and the point of its installativa in the PAS~-400-VI welding

apparatus are shown in Fig. 63.

The technical specifications of the autenomous welding units
are shown in Appendix 12, The diagrem indicating the hookup of
the type SGP generator for welding is given in Fig. 57.

The AC type STE-32, STE~34, STN-=-450, STN-500 and STN-T700
welding units can also be utilized for underwater welding.

The type STN welding transformers are manufactured in a
single~frame model witha built—-in current regulator. In them,
the primary (connected) voltage is 220/380 v and sometimes 500 v;
the second voltage is 60 v. The type STN-450 transformers are
made in a marine model and have a secondary veltage of 70/90 v,
They possess greater power, have an abruptly drooping (falling)
characteristic, are designed for manual welding (cutting), and
- allow a short~term load up to 800 amps.

=07 -
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Fig., 63. Electric Circuit of ASN-55 Automatic Unit and the
Points of Its Installation on the PAS-400~VI Welding Apparatus:
PT = current relay; PB = time relay; RB = rheostat for generator
excitation; B = packet-type cut-out switch; O = electromagnetic
winding; C = fuel economy resistor; &/ = measuring shunt;

M = microswitch; B = cut~out switch; 1 - point of installing
current relay and time relay; 2 - point of instelling the
electromagnet; 3 - small cable linking the electromagnet with
the throttle valve. Key: a) Outlet b) 12 volts; ¢) to generator;
d) Generator terminals to rheostat; e) electric circuit; f£)ZIL-
120; g) Air cleaner. Lever to carburetor valve; Carburetor;

h) manual control rod; and i) SGP-3-VI.

The welding uunits are produced in mobile models on rollers.

Technical specifications of the welding units are indicated
in Appendix 13.

At the present time, alternating current is becoming popular
on the ships; therelore the welding rectifiers providing welding
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with the use of direct current are of great pctentiality for
underwvater welding.

Section 26. Certain Queastions Involved in the Operation
0f Welding Machines

The general questions pertaining to the operation and care
of the welding machines are discussed in the pertinent instructions
and descriptions issued along with the machines. Let us review the
individual problems in the operation of the welding generators
vwhich are of interest during operation under autonomous (marine)

conditions.

An increase in the strength of the power source is conducted
vhen the power from the welding generator (installation) is
insufficient; for instance, for the arc cutting of cast-iron or
bronze propellers under water, where increased curreant force is
required, or in the event that, for tke underwater welding, use
is made of the nonspecialized welding systems. For this purpose,
wve conduct the parallel connection of two standardized units.

The simplest system for connecting two units for parallel
operation is the external comnection of the outlet terminals of
the poles having the same sign, at the generators of these urits,
i.e. plus is connected to plus, while minus is connected to the

- B2 D707

Fig. 64, Simplest Connection of Autonomwovs Welding Unit for
Parallel Uperation.
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For connecting (for parallel operation) the self-excited welding
. generators type SMG, SGP, GS, having the extra brush S (C), we conduct
_ the cross connection of the excitation field windings according to
.?l the system depicted in Fig.65. In this connection, the extra brushes
i C are disconnected from the winding of the transverse poles and are /98
_?i connected crosswise by a lead which ix 1.5 - 2,0 mm?. In the units
! hooked up for parallel operation, we compensate the no-lcad voltage

and the load current.

In the parallel functioning of two units with internal com-
bustion engines, in addition to the balancing of the generaters' no-
load voltages, it is necessary to balance the number of engines' rpm

and to maintain them during the process of operation.

Utilization of nronspecialized machines for welding, e.g. of the
standard power generators with shunt-type and compoun excitation, can
be conducted in unusual or emergency cases., On the various kinds of
ships, the type PN (having a shunt and light series winding) are most
suited for this purpose. In this case, we connect the terminals of the
series winding and we obtain the so-called anticompoun network.

The voltage surplus is absorbed by a ballast resistor, connected
in-series to the welding circuit, As a ballast resistor, we utilize
only metal rheostats under marine conditions; they are strong, con-
venient to handle, provide constant resistance during operation and

permit their being mounted.

repexg -
L yameny —
Jon6mmenipa

. Fig. 65,.Main Wiring Diagram for Connecting Two Generators, Type
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SMG, SGP, and 4GS for Operation (equipped with extra brush):
CO ~ series winding; O - shunt winding; and C = exira brush.
Key: a) volt-ampere switch; b) generator No. l; ¢) generator

No. 2,

For the welding from the DC marine generators, use is made of
various designs of swilching devices: for inétance, the type USK-58
(Pig. 66) setup, which can be recommended for employmsnt on ships
in emergency situsations.

The USK~5S unit is installed permanently on shipboard, It
consists of a switching panel 3; of two control rheostatst one coded
with the number 2 - type R~1l, and 7 ~~type RB=300; of an external
panel board 6 of the welding circuit, and of a box containing fuses 4,
The USK-58 provides switching, to welding and cutting regimes of the
marine generators 5 (DC, type PN) or others with compount excitation,
with a power not below 30 kw, if the rated generator current can

support the welding operations,
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Fig. 66. Main Wiring Diagram of Switching Unit, Type USK-58 for
Welding from Marine Generators: 1 - power supply to independent
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excitation; 2 - control rheostat; 3 - switching panel; 4 - fuses;

5 - marine (ship) generator; 6 - external welding panel; 7 - type
RB~-300 rheostat; 1, 2 = shunt winding; C)}, Cp = series winding;
Dy, Dp = supplemental series winding; V = voltmeter; and A =
ammeter. Key: a) To GRSHCH; b) to generator rheostat; c) circuit;

d) welding.

In the utilization of this unit, we provide a steeply-falling /101
external characteristic, with a no-load voltage not lower than 80 v,
and a short-circuit current not exceeding the working current by
more than 50%., The rated current force at PR--100% is 200 amps, while
at PR--65%, it is 300 amps. The weight of ihe USK-58 unit (without
the cables) does not exceed 125 kg.

On the panel of switch 3, the knife switches have two positions:
"Wwelding" (toward the top) and "Ship network" (toward the bottom).
For welding operations, the knife switches on the panel are shifted
from the lower position ("“Ship network") to the upper position
("Welding") at nominal engine rpm; in this connection, there occurs
a transfer of the series winding terminals from matched to reverse
connection, and the conversion of the shunt winding to independent

powver supply.

When the system is prepared for welding and the welding cables
are connected, the diver-weider is lowered; having prepared for
the work, he issues a command, after which the knife switch on
external panel 6 is activated.

The switching panel is mounted in the generator compartment
not far from the ship generator, while the external panel with the
voltmeter and the ammeter for monitoring the welding process are
installed on the upper deck.

On the ships where the stationary welding system has been
installed, the external panel is utilized as a reserve, vhile with
the aid of a bridge, the welding current is fed directly to the

I A TR . s e g -5 . -

welding network.

The switchover of the generator from welding conditions to
normal operation is conducted in reverse sequence. The switching
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of the ship generator to welding can be conducted only at rated
engine rpm. In the operation of the USK-58 unit, we observe the
. requirements stipulated in the rules for sperating electrical equip~

ment.,

Section 27. Basic Information on the Technique of
Underweter Welding

iﬁ-fi Preparation of the metal for welding under conditions of
‘ undervater ship repair is conducted chiefly on the outer sheathing
and framing of the ship. ,
/102 -
Since it is quite difficult to perform the welding tasks uader .
conditions of poor visibility and limited state of the diver-welder's
novements, the preparation for the welding is performed with particular

care,

fff‘ The welding points are cleaned to a metallic luster, removing
| all dirt, paint, rust and oil. With respect to the point of applying
the seam, the parts being welded are carefully fitted together,
with retention of the minimal technological clearances. In case of
the overlap welding of patches, it is desirable not to have gaps,
or in any event, they should not be in excess of 1l-1,5mm.

Classificetion of Welded Joints and Seams. By welded joint,
wve connote the part of a product in the point where its individual

elements are welded together.

Welded joints are usually butt type, overlapping (lap), tee
joints and in part the joints formed by electric riveting or cutting,

Butt-welds are rarely utilized.

In the butt-type of joint, the elements subjected to welding
are located in one plane and are fitted by their sides or ends.

The nature of the preparation of the edges of sheets being
" joined in underwater conditions differs from the preparation of
the edges at the surface (Fig. 67).

The preparation of the edges depends on the thickness of the
sheets which are being welded: in the butt welding of sheets with
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a thickness up to 8 mm,the edges may not be bevelled (Fig.67); at
e thickness renging from 8 to 15 mm, a V-shaped finishing is made,
vhile at thicknesses of 14 mm and above, an X-shaped finishing is
mede, Since the warping during underwater welding is less than in
the air, the angle of opening formed by two butt-fitted bevelled
edges is made at 89-90°, the amount of blunting is 4~5 mm, and the
clearance between the edges is 0.7~1.5 mm, During the underwater
conditions, the chamfering of the edges is conducted manually with

a chisel or with a pneumatic tool.

In the lap type of joint, the sheets which are being welded
are superimposed by their plane surfaces. This connection is the
basic one under the conditions of underwater ship repair (Fig.67 b).
In preparing the edges, it is necessary to pay attention not only
to the cleanliness but also tightness of the sheets' fitting together
{(tolerable clearance not to excezﬁ 1-1,5
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Fig. 67. Types of Welded Joints and
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lap joint; ¢ - tee joint; d -~ angle joint; e - end joint;

f -~ joint formed with electric riveting; g - cut joint;

1 -« butt seam; 2, 6 - bead weld; 3, 4 - fillet weld; 5 -
electric riveting; S, S, ~ thickness of metal being welded;
and d - cathetus of wel&ed joint,

In case of the tee joint or the butt joint, orne of the sheets
being welded is placed with its lateral surface against the lateral
surface of the other sheet; depending on the sheet thickness, we
make a single~ or double-sided beveling of the edges at an angle

of 55° while the clearances are established as in the lap joint.

Angular joining forms a paxticular case of a tee joint and
is accomplished with or without & beveling of edges, depending on
the thickness of the sheets which are being welded (Fig. 674).

Connecting the pieces with electric riveting or cutting
comprises a specific case of lap joining, It is utilized when
there is no access to the edges of the sheets, for example during
the repair of the rudder fin, and also for the reinforcement of a

lap joint or for protecting sheets fyom bulging.

The diameter of the electric rivet is equal to three thicknesses

of the sheet which is being welded. We recommend that one counter-
sink the openings at an angle of 459, Only the upper sheet is
drilled.

In the slot, the width of the groove also equals three thick-
nessas of the sheet which is being welded (with chamfering of the
cdges at an angle of 45°), while the length is determined by the

actual dimensions of the sheets or the design.

In case of the edge or side welding (Fig. 6Te), the sheets
which are beinyg welded, with a thickness up to 7 mm are superimposed,
their edges are lined up and welded, while on the sheets with a
thickness of over 7 mm, we chamfexr the edges at 45° (opening angle
of S0°9).

The welded seam is the part of the welded joint which is

formed during the welding process.
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The design elements of the welded seam are: its height,
equalling 0.7 of the cathetus; the cathetus, equalling the
thickness of the thinner of the sheets being welded, ard its
length, which is established by the actual dimensions of the
product,

According to arrangement in space, the welded seams (Fig. 68)
are divided into dowsband ranging from O to 60° to the horizon);
vertical (ranging from 60 to 120° to the horizon), horizontel (in
a vertical plane), and overhead type (ranging from 120 to 1809 to

the horizon), h}ﬁrwnmquu
)

80- 120
3 2%,_ /105
Q &
a)qﬁ g° o.et

Fig, 68, Classification of Welded Seams According to their
Orientation in Space.
Key: a) Downhand seams; b) Vertical seams; and c) Overhead seams.

We differentiate the semi-overhead, occupying an
intermediate position between the vertical and overhead seams
(100-130°). The welding in the semi-overhead position is encountered
under the conditions of underwater ship repair, in the points of
transition from the rounded part of the side to the extremities of
the ship, on the bilge outlines etc. (see Fig, 68d).

According to form of section, the welded seams are divided
into reinforced (fig. 70a), normal (Fig. 70b) and weakened (Fig. 70c).

With refereunce to length, the welded seams are divided into
continuous (Fig. 7la), and discontinuous (Fig. 71b); the latter
‘are divided into checkered (Fig. 7lc) and chain types (Fig. 71d).
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The defects of the welded seams ere usually internal and
external; they reduce their strength and plasticity sharply.

Among the internal defects, we include the gas bubbles,
inclusions of oxides and hermful admixtures, cracks not emerging
to the surface, and so forth.

Among the external defects (Fig.72), we include the undercuts
&, the nonfusions b, burned spots, saggings, rough craters,
externally visible cracks and pores. Ior the underwvater welding,
owving to poor vigibility and inconvenie.ce of working in diving
gear, the following defects are typical: iregularity of the seam
in width and height, omissions (discontinuity) and displacement
of the seam (Fig., 73).

Fig. 69. Arrangement of Welded Seams in Space: a = downhand
(flat position); b - vertical; ¢ - horizontal; d ~ semi-overhead;
and e - overhead.
The welding defects, visible to the naked eye and those de~
tected with special ipstrumenits, are cut out and rewelded. A
slight drift of the seam to one side is corrected by the application
of several (2 or 3) parallel beads.
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In the welding up of the defective sectors, the beginning
of the application of the new seam should be in line with the
defective spot, while upon completion of the welding, the crater
is diverted to one side so that the useful cross section of the

seam would not be weakened.
The technique of applying the welded seam is determined by the
nature of the joint, by its orientation in space, and by the pre-

paration of the edges.
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Fig., 70, Classification of Welded Seams by Cross Section:
a - reinforced; b - normal; ¢ - weakened; S —~ thickness of sheets
subjected to welding; h ~ height of seem; and 4 ~ cathetus of seam.
In the manual underwater welding, the presence of & coating
shield at the electrode permits us to ho’d a short arc., Irn this
case, the electrode rests lightly on the shield, is handled like a
pencil on paper, rocking movements are accomplished with the end,
and one gradually lowers one's hand (Figs. 74-77). )
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Fig. 7l. Classification of Welded Seams by Their Length:
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a — continuous; b - discontinuous; ¢ - checkered; d — chain type;

A - seam length (40-200 mm); B8 - distance between seams (€0-300mm);

and C - spacing of seam {100~500 mm).

The possibility of even & slight but perceptible contact helps

the diver~welder to conduct tike continuous welding process, which
(in the underwater conditions with poor visibility and confined
motiens, when the work is done almost blindly) has great significance
since it affords the possibility of obtaining a welded seam of higher

quality.

The diver monitors the welding process through the front
light in his helmet.

The manipulations of the electrode and the inclination angle
of the electrode during the buildup of the beads and the welding
of seams under underwater conditions in a vertical position are /108
portrayed in Fig. 74. The arrows indicate the direction of moving

the electrode's tip.
u a

Fig. 72. External Flaws in Welded Seam: a - undercuts; and
b - nonfusion,

lp case of continuocus beading, the bead surfaces are overlapped
(Fig. 75).

). Cmeyenue
wea

ﬂﬂg&w
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Fig. 73, Drift (Displacement) and Break in Seam buring Under~-
vater Welding. Key: a) displacement of seam; and b) break in seam.
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Welding of a butt joint with V-shaped finishing is accomplished
by transverse and longitudinal motions of the electrode tip (Fig.T76).

The rocking motions when welding under water are performed
somevhat more rapidly than whe¢n welding in air, since the siow
metions fail to provide the opportunity of maintaining a bath of
the required dimension. The welding of thick sheels is done in
several layers (Fig. 77). The first bead is placed in the apex of
the angle formed by {he beveled edges, without swaying motiong--
"in the form of a thread" with an electrode of smaller diameter.

Fig. 74. Swaying Motions with Electrode Tip During Welding and
Beading on & Vertical Plane: & — from below upward; b - from
abtove downward; the arrows indicate the direction of the

electrode tip*s motion.
After cleaning the seam of slag and spatters, the next bead
is applied with rocking motions until the entire section of the
joint becomes filled, The final decorative layer is applied with

a covering of the joint's upper edges.

123 P 5
B U N S
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Fig, 75. Application of Beads i Continuous Buildup of
the Surface: the broken lines indicate the beads; the
numbers refer to the order of applying the beadings.
Key: a) 1/3 to 1/2 of the bead's fillet's widti.
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', Sheets with a thickness of 8 - 10 mm can be butt~welded |
without chamfering the edges, by using a two-sided seam. Prior
to the application of the second seam, we carefully remove the

. sleg and we even undercut the seam root with a chisel from the
back side. This is recommended in all cases of welding from the /110
reverse side and in individual cases also in the multilayered weld-
ing and beading when other methods have not been successful in C
removing the slag and the leftover spatterings of metal. '

N -7
Fig., 76, Movement of the Electrode During the Welding of a
Butt Joint with a V=Shaped Finishing: a, b, ¢ == angles and
motion of the electrode in flat position; d -~ wotion of
electrode in vertical position; e - motion of the electirode
in the overhead position.

a ‘B
- ° ¢ &—-J ; i

In the butt welding without beveling, the edges of the
sheets should be trimmed evenly (smoothly).

The inclination angle of the electrode during the welding,
with a f£ill joint, of the lap joints comprises 45-65° and depends
on the spatial positions (Fig. 78) in which the welding is performed.

In order tc observe better the formation of the seam and the
conduct of the process, the diver~welder should be in such a position
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that at each given moment, the point of welding would be located
above the center of the front illuminator in the diving helmet.

a) Hewapaitgbuond camni

Venoud)
1Y cnoue)
@ d)
a cnod ¢)
I coou §)

vy

Fig. 77. Sequence of Applying Seams in Multilayered Butt-Welding
(shown with numbers). Key: a) decorative layer; b) 5th layer;
¢) 4th layer; d) 3rd layer; e) 2nd layer; f) lst layer.
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Welding by the bearing method, or welding with a penetrating
arc, constitutes one of the meuns of raising the labor productivity
and the quality of the welded joints which are being made under
water, The technique can be described thus: after the excitation
of the arc, resting the electrode by its coating onto the product,
the welder tilts it in the direction of guiding the process ard
perrorms the welding without using rocking motions.

K50

a b c

Fig, 78. Pogition of Electrode During Welding (with a Fillet
Seann) of Lap Joints in Various Spatial Positions: a - overhead;

b - downhand; and ¢ -~ horizontal.
/112

This method simplifies the work procedures, does not require

high skill of the incumbent and can be performed under conditions
of poor visibility. COwing to the fact that the arc seemingly
~106~




penetrates the interior of the base metal, the welded seam has
intensified welding penetration (up to 5 mm). The arc's burning
is characterized by great stability, i.e. by fewer fluctuations

in the values for the current and the voltage.

Welding with use of the bearing method under water has its
unigue features. In the butt welding of great thicknesses, the
angle of opening comprises 120°, while the biunting is 6 - 7 mm.
Welding of 8 mm thick sheets is conducted without the beveling of
edges, in one pass with a clearance of 0,7 - 1.2 mm, but not more
than 1.5 mm. Welding with DC is conducted on reverse polarity,
while with a thickness of the sheets greater than 8 - 10 mm,
direct polarity is permitted.

The vertical joints are welded from above downward. The
inclination angle of the electrode in respect to the joint's axis
from the metal's surface during butt and lap welding or downhand
tee-welding comprises 60-70° in the direction away from the axis;
during butt welding, it is 909, while during the forming of fillet
velds, it is 459. 1In the vertical positien, the inclination angle
along the seam axis comprises 40-50°, while in the direction from
the seam axis during butt welding, it is 909, During the forming
of a fillet weld, it is 459, For welding with the bearing method,
use is made of the special EF0-55 electrodes (Appendix 9).

i'or the welding of slight thicknesses using the bearing
method, we have been successful in utilizing the EPS-22 electrodes
with a diameter of 4 mm. For this purpose, we use current regimes
boosted by 10-15% and we select the required inclination angle
depending on the actual conditions. To avoid burn-throughs during
the welding of thin sheet material, the electrode is moved more
quickly.

Current Conditions and Productivity of Underwater Welding.
The approximate selection of the current strength is conducted
based on the electrode's diameter, using the formula:
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Icp = K4,

where K ~ the coefficient for underwater conditions, equalling
40-50; and 4 = the electrode's diameter in mm.

In the welding with the EP0-55 electrodes using the bearing
method, the coefficient K = 50-60. A more precise selection of
the strength of the welding current is conducted depending on the
metal which is being welded, its thickness, type of joint, position
of the joint in space, brand and diameter of the electrode. For
the recommended current regimes according to brands of electrodes,
refer to Appendix 9.

The submergence depth at which the welding operations are
conducted has great importance. Studies have indicated that it
is most advantegeous to conduct the welding activities at a current
force of 180-240 amps.

During the welding in a vertical position, the welding current
is chosen at 10% less, and during welding in the overhead position,
at i5% less, than during downhand (flat) welding.

The productivity of the underwater welding is determined by
the quantity of weld metal per time unit. The productivity index
is said to be the beading coefficient and is expressed in grams
per ampere per hour (¥ = g/a-hr).

This index also has significance for evaluating the quality
of the electrodes. On an average, &, for underwater manual welding
will fluctuate in the limits of 7-~9 g/a<hr.

Concept of the Metal Structure in a Welded Seam, If we cut
through a welded seam, file off the surface of the section, and
treat it with the appropriate solution, we will discern cleerly
the weld metal, the zone of thermal influence and base metal.

Weld metal has a columnar structure typical for cast metal.
If the weld metal has not been processed thermally or mechanically,
it has relatively inferior qualities,
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The zone of thermal effect, or the near-weld zone directly
adjoining the cast metal of the welded joint, with a width in
the limits of 3-5 mm, is characterized by the presence of a coarsely-
grained structure. The heating témperature is approximately 1100-
1500°cC.

In the weld zone, cracks often develop, causing the rupture
of the welded joint. Therefore for improving the structure of
the weld zone, it is adventageous tc conduct annealing. The

zone of thermal influence is heterogeneous in its structure (Fig.79)--

in the point of juncture with the base metal, owing to its re-
crystallization during the welding, we find an improved finely-
grained structure.

In the underwater conditions, as a result of the intensified
cooling rates, the heat effect zone decreases in size, but the
structural changes of the metal in the weld zone have more abrupt
transitions. The plastic characteristics of the welded joints made
under water are inferior to the characteristics of the welded joints
from the same materials but made at the surface.

&
Temnepamypa, “C

Fig. 79. Biagram of Metal Structure in Welding Zone, and
Heating Temperature According to the Phase Diagram of "Iron--
Carbon" Alloy: 1 - weld 2cast metal; 2 - cosrse grain (over-
heating); 3 - fine grain (standardization); 4 - incomplete
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recrystallization; and 5 - base (parent) metal, Key: a)
Temperature, ©°C,

Concept of Internal Stresses and Strains During Welding.
During welding, there are heated only the sectors of the sheets
directly at the seam, while the remaining metal stays cold.
While heating up, the metal particles tend to expand but in view
of the fact thet e.g. a patch being welded to the sheathing can
not expand freely, but rather contracts during cooling, in it and
in the welded seam, internal thermal stresses originate, These
stresses can attain an appreciable value and often lead to the
buckling (deformation) of the sheets, and even to the rupture of /115
the seams or of the near-weld zone. For a reduction of the internal
stresses and buckling, we utilize clamping, rigid mounting, pre--
liminary reverse strain (for instance, in the application of
patches), and a fixed sequence of overlapping the seams (Fig. 80).
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Fig, 80. Systems of Overlapping the Seams to Reduce Thermal
Stresses and Buckling: a - in a pass (in case of the short
seams); b - from center to ends; ¢ -~ reverse stepwise; d - with
successive application of layers during multilayered welding
(welding by blocks); e) welding with bonding of layers; f)
welding with a "hump"; the arrows show the direction of welding,
wvhile the numbers I-V and 1-20 refer to the sequence of applying
the seams.
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CHAPTER 6
UNDERWATER CUTTING OF METALS

Section 28. Description of Metal Cutting Process and
its Forms.

The cutting of metal implies the disruption of its internal
bonds in a specific section or in a sector characterized by the
continuity of the process. Under water, we employ all the known
cutting techniques, i,e., mechanical, flame and cumulative (with a

directed charge).

Mechanical cutting is utilized when its extent is slight, e.g.
during the removal of a cable which has become tangled in the pro-
peller. For this very same purpose, use can be made of the directed

explosion of cumulative charges.

The flame cutting of metal is conducted with the heat developed
in a layer of metal both from the burning of combustible gases, gas
vapors or an electric arc with the simultaneous injection of oxygen,
or without it (electric arc cutting), as well as from the burning of
the metal itself,

The classification of the techniques employed in the cutting
uf metals and applied under water is shown in Fig. 81, The most
popular method is oxy~electric cutting, while the gasoline-oxygen
cutting of metals has been accepted tc some extent. 1n isolated

cases, we utilize the electric arc cutting of metals.

The nature of the oxygen cutting consists in the idea that a
metal, being heated to combustion temperature (1100-1300°C for steel),

acquires the ability to burn in an oxygen jet.

In underwater conditions, the coutinuity of the cutting process
i1s assured only with powerful heat sources, creating its high

concentration et the point of cutting.
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Fig. 81, Classification of Methods Used in Flame Cutting of
Metals Under Water.

In this connection, the temperature of the metal's combustion

should be below its melting temperature, while the metal oxides /118

(slags) are low-melting and have a melting temperature below that
of the base metal.

The slags should be easy to remove from the cutting plane under
the mechanical effect of the oxygen jet. Using the flame method,
we can succeed iu cutting only the low-carbon or the low-alloy

steels, and also certain grades of specicl steels,

Cest iron, copper, aluminum, and stainless steel can not be
cut by the oxygen method. The cutting, or more exactly the melting
and burning out of these metals and alloys, are conducted only by
the electric-arc technique when underwater conditions are involved.

Section 29. Features of Flame Cutting of Metals Under Vater

The conditions of cutting in water differ significantly from
those of cutting in air. The density of water is 850 times greater
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+. than that of air, therefore the outflowing hot gases encounter the
high resistance of the water particles. Owing to the presence of
oxygen (up to 21w) in air, it maintains combustion, while water
quenches a flame. 'T'he heat capacity of water is abcocut 4 times
greater than that of air, while its heat conductance exceeds that

of air by almost 25 times.

These features determine the features of cutting under watexr—-
the requirement to develop a special protective bubble around the
flame nucleus, and the application of increased pressures leading to

creater expenditures of the geses.

The protective bubble is formed in two ways: by specially rupplied
compressed air or oxygen, or from the combustion products of the burnw
ing mixture. In the gasoline-~oxygen cutting, use is made of the second

(=]

technique cf obtaining a protective bubble.

Section 30, Fuels and Other Materials for the Oxygen-Gasoline
Cutting of Metals Under VWater

puring the gasoline-oxygen cutting, use is made of gasoline

and ox yen.

w

uasoline is a light transparent (and in pure form, colorless)

/7 j fleid withh a typicul vdor. 1t evaporates readily and together with air
for.s an explosion-prone mixture. Gasoline is a mixture of hydro- /119
carbons and is obtuined during the petroleum refining. For underwater
cutting, we use aviatiou pasoline, type B-78 or L=T70, leaving fewer
resin depusits ia the channels of the cuiting tool; we also use

avivnobile gasoline (Appendix 14).
wonethylated gesoline is utilized for underwater cutting.

Uxy:-en is odorless, colorless aund tasteless gas, heavier than air,
does not burn, but supports combustion. At low temperatures (-183°C),

it converts to a heavy blue liquid,

Uxycen is transported us a liquid in oxygen tanks (Uewar vessels),
is supplied for short distances in a gaseous state through pipelines
or is hauled in pressurized form in 40-liter steel tanks under a
+ pressure of 150 atm,
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To determwine the amount of oxygen containeu in a tank, we multiply

*+itg pressure in atmospheres times the tank's capacity in liters. Thus,

in a 40~liter tank under 150 atm pressure, there is contained 600U

liters, or 6 m3, of oxygen, reduced in atmospheric pressure.

Oxygen tanks are painted blue and have pressure valves and
safety seals. For placement in a vertical position, the tank is
rigged with a jacket underneath. On the tank's side the inscription
"Oxygen" is printed with blue paint.

After the utilization of the oxygen {(residual pressure of 2-3
atm), the notice "Empty" is written with chalk on the tank. The
oxygen's purity affecte the process of cutting the metals; therefore,
for cutting we utilize oxygen which is at least 99% pure.

Section 31. Equipment for Casoline-Oxygen Cutting of
Metals Under Water

In the Soviet Union, for the gasoline-oxygen cutting, we have
developed several units of varying design. The most common is the
BUPR type of instellation (Fig. 82).

It consists of the gasoline cutter 4, batteries of tanks with

oxygen 13, a 27 liter gasoline tank 6, a nitrogen tank 9, hoses 5
connecting the tanks through control panel 11 with the cutter and /120,121
¥ | directly with the gasoline tank. O0f the three available hoses with

a length of 50 m each, two rubberized fiber ones having a diameter
of 9.5 X 18 mm serve for feeding the heating and cutting oxygen, and

5j, one Durite hose with a diameter of 6 X 14 mm is used %Pr supplying

. ! Z
the gasoline, N
8 / —&

<,

Sewyun

sl
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Fig. 82. Assembly System for BUMR installation for Underwater
dasoline Oxygen Cutting: 1 - battery; 2 -~ voltmeter; 3 -
igniticr; 4 ~ cutter; 5 - hoses; 6 -~ tank with gasoline; 7 -
reducing valve for pitrogen; 8 - coils; 9 ~ tank containing
nitrogen; 10 - reducing valve for heating oxygen; 1l - control L
panel; 12 - reducing valve for cutiing oxygen; 13 - oxygen tank;
14 ~ collector (or ramp in the case of a large sampling of gas).
hey: a) oxygen; b) nitrogen; and c) gasoline.
On control panel 11, three reducing velvos are mounted:
two for the oxygpen~-for the heating oxygen 10 and cutting oxygen

12, and one for oxygen 7, which is fed to the gasoline tank 6.

For igniting the cutter under underwater conditions, on the
inside of the cover, there is the electric igniter 3 connected Vo
terminals on control panel 11, The ignition system is powered
from storage battery 1, type 1ONKN-22M or 1ONKN-45 with voltage
of 12 v.

The electric ignition device is connected to the negative
terminal of the battery while positive current is fed to the
cutter. For momnitoring the battery's voltage, voltmeter 2 is

e

mounted on the control panel. '

For connecting the tenks to the contrel panel, there are the
coils 8, usually made of red copper tubing; for connecting the
tenks to the battery use is made of collectors 14, while in the

performance of large scales of work--oxygen ramps are employed.

The unit also contains a gasoline filter, sparec parts and

tools for assembiing and disassembling the facility.

Tne gasoline cuttexr is the key unit in the inestallation for
underveter cutting, establishiung its operational and technclogical
characteristics, The gasoline cutter of the BUPR instellation
(Fig. 83) functions on the principle of the atomization of gasoline q
rather than its evaporation, It consists of the head 1, the
connecting tubes 2, and hendle 5. Three valves are mounted on the
cutter handle~~one (coded 8) for the heating oxygen, one (coded 4)
for the cutting oxyyen, and one (cedel 3) for the gasoline supply.

g -115—




WﬁMﬁﬁf*‘\\‘*‘\\‘*‘Yﬁg

. With these valves, the diver adjusts the supply of the gases A
during the cutting, and while controlling the proceas. For |
connecting the hoses, use ig made of sleeve 7 fitted with adapters,
and the head is connected with the cutter by the intermediate

pieces, 9.

The cross sectica of the BUPR head is depicted in Fig, 84.
The head functions as fcollows: jets of gmsoline and heating
oxygen which are supplied via tubes 2 and 4 and pass along the /122
channels c¢f atomizer 7, upon emerging from it (being directed at
an angle to one ancther) (the outlet openings 10 and 12) collide
in mixing chamber 11. The gasoline jets are broken into droplets

and, striking the round surface of mixing chamber 11, become con.

verted to the fipest{ mist.

Fig. 83, Gasoline Cutter of the BUPR Instullation: 1 - head;
2 = connecting tubes; 3 - gasoline supply valve; 4 - feed

valve to cutting oxygen; 5 ~ casing of cutter (handle); 7 -
slseve Ffitted with adapters 6 for connecting the hoses; & -

valve for providing the heating oxygen; 9 - intermediate
pieces for connecting the head with the cutter frame.
Acquiring a surface of ever-~increasing area and located in

the path of the powerful gas jet, this gasocline vapor becomes
intensively evaporated and, moving along with the oxygen, forms
a hot mixture consisting of vapors and foggy liquid particles of
gasoline and oxygen. The hot mixture, escaping under pressure
from the central hole in the nozzie 9, is ignited by an open
flame or by an electric lighting unit. At this time, a strong
flame develoups, emitting a typical whistling noise.

With the proper gas/oxygen ratio, the rucleus of the flame
should be located near the cuter edge of the nozzle outlet 9;
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by the same foken, the rear part of the nucleus is protected by
the walls of nozzle 9 and this provides stability to the flame in

the water,

I'ike pressure in the chamber becomes fairly high and in its
turn, this requires stepped-up pressures for feeding the gasoline

and oxygen.

The cutting oxygen is fed througlh tube 3 and passes along the
central channel & of atowmizer 7. In distinction from the other
designs of non-evaporative-type gas cutters, the feeding of the
cutting oxygen into the BUPR unit occurs independently; in this /123
manner, it does not influence the delivery of the heating oxygen.

As a result of the operation, in the cutter's inside channels
a resimnous incrustation gradueliy builds up (polymerization
products), capable of putting the cutter out of working order;
therefore, it should be cleaned periodically.
2

Na

13

AR
Lo N & o

N 0

' h
Fig. 84. C(ross Section of Head to BUPR Cutter: 1 - frame;
2 - gasoline Jupply pipe; 3 - pipe for delivering the cutting
oxygen;;4 — pipe for heating oxygen; 5 - wire washer; 6 -
gasoline~control rods; 7 - atomizer; 8 - central channel; 9 -
nozzle; 19 - outlet.holes fuor oxygen; 11 - mixing chamber; 12 -
outlet openings (orifices) for gasoline; and 13 - cooling ring.

4
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For washing the cutter, we recommend a liquid with the following
composition (1 gram per liter of water): liquid gless--8.5 grams;

soda {NapC03)--18.5 grams; and green soap--l0 grams.

The control panel, cutter, electric ignition unit, coils and

L1t ere packed in a case made of thin-sheet steel.

The weight of the device including the storayge battery, the
gasoline tank and the hoses (but without the nitrogen and oxygen
tanks) amounts to 170 kg.

The heses of the BUPR device (GOST 6286-60) are covered with
a metallic wire braiding. “This permits the performance of the tasks

at depths ranging from 30-40 m.

Section 32, Technique of Underwater Gasoline~Oxygen Cutting
and Working With the 8BUI'R lnstallation

Before assembling the device, it is necessary to verify the
proper conditions of its units, and to clean the parts of the cutter
head with a clean dry napkin, The assembly of the BUIR device is
performed according to the procedure shown in Fig. 82. After the
removal of the caps and seals from the taunks, we run a one-second

clearing (scavenging) of the valves to remove the dust and dirt

which had entered the outlet.

ln order that they would be statiomary and would have a certain
slope, the oxygen tanks are mounted on supports or are installed
vertically and anchored. The gasoline tank is set up on.y vertically
and is connected by a rubber hose through the control panel with

the nitrogen tank.

The entire system is checked for airtightness of pressure
deliveries (6-8 atm) and by wetting the points of connectiou with
soupy water.

The blowing through of the gas liune and checking it for a tight
seal are conducted onty with nitrogen, in order to avoid an explosion,

The axssembled pas cutter i1s alsc check for vacuum seal. The cutter
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is then checked for proper burning-~the combustible mixture is
ignited and the flame is adjusted. However, one must never hold
the cutter in the air for more than 5 seconds since the head could

melt and the gasoline cutter would go cut of commission.

In lighting the flame, we first open the heating oxygen valve
and then the gasoline valve. In the air, the mixture is ignited by
the open flame, For this purpose, under water we utilize an ignition
device wherein the ignition system is activated and with a striking
movement on the nozzle (with the head downward), contacts are made
with the igniter., The resulting sparks ignite the combustible

mixture.,

During work at a slight depth, e.g. at the side of the ship,
the cutter is supplied to the diver after it has been lit, but in
this connection caution is observed and the diver is warned in

advance.,

After the diver has adjusted the flame and provided it with a
slight excess of oxygen, the cutter is placed by the nozzle (or is
pressed into contact, depending on the spatial position of the cutter)
on the object which is being cut, perpendicularly to the surface to
be cut. We recommend that the cutting be done from the edge of the
sheet.

After heating the metal for 3-6 seconds, without removing the
cutter from the point of the heating, with an abrupt, powerful turn
of the valve knob, the cutting oxygen is supplied (the left valve is

opened).

The beginning of the cutting is typified by the ejection; from
under the nozzle, of the molten combustion products of the metal
and by a powerful luminescence. After the metal has been cut
through, only the glow will remain on the surface while a shower of
‘sparks will depart behind the rear side of the sheet which is being
cut, After the metal has been cut for its entire thickness, the

diver beyins to move the cutter head with a sliding motion along the
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iine of cutting, seeing to it that the glowing of the metal under

the nozzle does not weaken.

With the cessation of the metal's burning, the delivery of
cutting oxygen is shut off, the cutter is returned to the place where
the metal cutting was finished; the diver again performs the heating

and the cutting process is renewed.

In cutting metal of great thickness, increased pressure is
applied while the supply of the cutting oxygen (in the process of
the initial cutting of the metal) is gradually stepped up for the
entire thickness until a  tlrough cut is developed.

It is necessary to follow the process of cutting the profiles
of various thickness, with particular attention observing the through
cutting of the metal and performing a timely adjustment of the cutting

oxygen supply. At all times, the diver's left hand should be resting

on the valve knob.

The cutting of bunches (packets) is especially complex. In

k cutting bunches with one pass, the pressure of the cutting oxygen
must be increased by 15-20%. If the distance between the elements

of the bunch is great and the heat being developed during the cutting

for heating the sectors of the underlying element to the combustion

temperature is insufficient, each element in the bunch is cut

separately according to the system shown in Fig. 85.

For obtaining a straight clean cut, we recommend that the
metal be brightened from the opposite side. The merking of the
cutting lines is done with chalk boiled in grease. Guide strips
or angle plates are sometimes placed along the cut; the area to be
cut should first be cleaned off.

| The conditions (regimes) for the gasoline-oxygen cutiting /126
. with the aid of the BUPH device and the technical cost data are
listed in Appendix 15.




Fig. 85. Steps for Cutting a Set of Items by Units. Key:
a) lst and 2nd cuts; b) 3rd and 4th cuts; and ¢) Final cut,
During operation in the depths and the cutting of great

thicknesses, owing to the considerable sampling of the gases, the
reducing valves can freeze; we therefore recommend heating them
with boiling water or utilizing the closed type of electric heaters.
At the completion of the cutting process and upon extinguishing
the cutter, we first close the cutting oxygen valve, then the gus

valve and the heating oxygen valve.

During interruptions in the work under water, to avoid
soiling the cutter outlets with sand or mud, the cutter must
never be placed on the bottom. Only a copper wire may be used for
cleaning the holes in the evaporator and the head.

After the completion of the work, at the diver's command the
oxygeun and gas suppiy is cut off, the cutter is raised uvpward and

the installation is disassembled.

After the work, the hoses are unhooked and are coiled for
storage in containers. The gasoline is drained from the gas tank.
After each cutting operation, the cutter head is disassembled, and
all conduits and orifices are rinsed with clean gasoline. The
resinous crust which has lormed ig removed. During prolonged

interruptions in work, the cutter head is stored in assembled Form.
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The nature of electric-arc cutting consists in the idea that
under the effect of intensively concentrated heat, the metal is

. melted and partly burned.

In the underwater conditions, electric—arc cutting can be
accomplished with the same equipment as is utilized during the
welding. In the event that the power source is insufficient, the
assemblies are connected in-parallel. The electric—arc cutting is
conducted with alternating or airect current of direct polarity
and can be achieved both with metallic and nonmetallic electrodes.
The quality of cutting with the electric~arc technique is low and
the output is slight. Under submerged conditions, the electric-arc
cutting is employed only in special cases, e.g. during the cutting

of bent blades or a bronze or cast-ircn propeller.,

The possibility of performing the cutting of metal independently
of its properties and chemical compesition is a unique advantage
possessed by electric-arc cutting vis-a-vis the other fire-cutting 4

procedures.

Just as in the gasoline cutting, we recommend that the electric-
arc cutting be started from the edge of the metal shcet; however,
if this is impossible, a hole is first burned. FIor this purpose,
after the arc's excitation, the electrode is placed perpendicularly
to the object's surface and is pressed lightly against it. 1In
proportion tu the penetration of the electrode intu the welding
pool, the liquid molten metal is pressed cut onto the surface,
forming a bead arcund the opening (Fig. 86). The hole which is
burned through turns out to be 2-3 mm larger thau the electrode's

diammeter (including the couating).

After the hole has been made, we again activate the arc and

the electrode is tipped in & direction opposite to the direction of
the cut (Fig. 87a). DPressing on the electrode, ‘the diver forces

it to slide downward along the edge., At this time, the metal melts,
and the coating shield developing on the electrode helps in the
removal of the liquid metal from the cavity of the cut, Bringing
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‘the electrode to the lower edge of the sheet, the diver~cutter

(without interrupting the arc) quickly raises the electrode to the
top edge and recommences the process of the melting and mechanical
extrusion of the metal (Fig. 87b). 1In case of cutting from the
edge, the process begins with the melting of the lower corner and
a gradual transition to the upper surface.

Fig. 86. Burning a Hole Through Metal with an Airc,: a -
beginning of cut; and b -~ completion of the cut.
Just as for welding, the current regimes for the electric-arc

cutting are chosen on the basis of the formula Ig= Kd, but with
K = 60=-80, In special instances, e.g. during the cutting of thick
rarts of brass or bronze when underwater conditions are involved,
the current strength is irtensified; however, in the utilization of
electrodes with a diameter of 5 mm, it should not exceed 500 amps.

The composition of the electrodes' coating for underwater
cutting is given in Appendix 8; the coating is simplier since it
requires only a stable burning of the arc; however, the quality of
the coating should comply with the same requirements as in the case

of the electrodes used for the underwater welding.

As rods for the underwater electric—arc cutting, we utilize
the electric welding wire (GOST 2246-60) (see Appendix 7), and also

low-carbon wire of any brand (e.g. rolled wire),

The consumption of electrodes during cutting is appreciably

‘greater than during welding. Owing to the rapid burning of the

electrode, one must often interrupt the cutting process; therelore,
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the productivity of the process is fairly low. This comprises oane
of the shortcomings of the electric-arc cutting technique.

For electric-cutting under water, we utilize the same tools
and devices as during the underwater welding. Data on the pro-
ductivity of the electric-arc cutting of steel under water are

presented in Appendix 16.
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Yig, 87. System of using the Electrode in the Electric-Arc
Cutting of Metal in the Downhand (Flat) Position: a -
position of electrode; and b - pattern of moving the electrode.
LKey:I)Direction of cut.

Section 34. Electric-Oxygen Cutting of Metals Under Vater

The process of electric-oxygen cutting consists in the idea
that during the excitation of the arc by the electrode, the surface
sectors of the metal (which are blown upon by the jet of oxygen
fed to the arc) become melted. Thus, the oxygen comes into contact
with the solid lower-lying sections of metal heated to the ignition

‘point; interacting with thew, it oxidizes the metal and heats the

subjacent (underlying) and ccntiguous sections.
-124-
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The oxygen jet not only oxidizes (burns) the wetal; at the same /130
time, it mechanically blows from the cutting cavity the slag and
molten m2tal which have formed during the cutting. The cutting

process thus becomes a continuous one.,

The cutting is performed with tubular electrodes covered with
a special coating., Use can be made of the metallic, carbon (carbon-

graphite) and ceramic (carborundum) tubes.,

The carbvorundum and metal-ceramic electrodes have increased
strength. The length of a tube is 250-300 mz, the diameter of the
carborundum tube is 15 mm, while that of the metal-—ceramic tube is
8-10 mm. A metal coating is applied to these tubes and this is

covered with a stabilizing mineral coating.

We utilize the LPR-1 electrodes for the underwater electric-
oxygen cutting, ‘tThese electrodes with a length of 350 mm (Fig. 88)
are made from thick-walled seamless tubing with an outside diameter
of 7 mm and an inside diameter of 2.5 mm (GOST 1050-60, Appendix 17).
Just as for welding, the tubular electrodes have a special coating
(App. 8). Before cutting, the diver marksout the area and places

the guide strips in position.

rig. 838. Metal Tubular Electrode for Underwater kBlectric-
Oxygen Cutting: 1 -~ bared section; 2 - coating; 3 - thick-walled
steel tube; and 4 - channel for delivery of oxygen.
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The oxy-electiric cutting starts with the delivery of oxygen
and then the arc is activated. If one activates the arc aund then
supplies the oxygen, splashes of molten metal and slag get invo
the electrode channel, reach the sealing to the holder head, and
this often leads to the burning out of the linings and the breakdown
of the holder.

Investigations have shown that a modified system for the
beginning of the oxy-electric cutting excludes entirely the
entrance of slag and metal bits into the electrode's channel and
the holder's head, and thereby markedly increases its stability.

After the current hes been turned on at the diver's command, /131
he presgscs the lever to the oxygen valve, verifies that oxygen is
coming through, then touches (with the electrode) the metal to be

cut, and activates the arc.

Maintaining the constancy of the arc's burning, in proportion
to the burning of the electrode, the diver lowers his hand and
moves the electrode along the cutiing line with an inclination of
10-15% from the vertical in a direction opposite to the cutting

direction.

During the cutting of thin sheets, the electrode is moved along
the marked cutting lime over the metal's surface. During the cutting
of thick sheets, the electrode is plunged into the molten metal as

is done during the electric—-arc cutting.

During the cutting, it is necessary to verify that the arc
is burning constantly, and olherwise the process will cease. At
cegsation of the cutting, one should first cut off the arc and then
shut off the oxygen supply. If these steps are reversed, slag and
metal bits will get into the channel of the tubular electrode and
foul it; they could also cause the burning of the head (of the

paronitic linings) and put the electrode holder out of order.

The productivity of the oxy-electric cutting is 3-4 times

higher than tiat of the electric-arc cutting, and has a higher
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. quality. The cutting rate 1is the least in the downhand position,
.while during vertical cutting, it increases; this is explained in
terms of the uneven utilization of the oxygen which is being delivered.
The most favorable conditions for the utilization of oxygen exist
during cutting in the overhead position, but the inconvenience of
the work and the flowing of metal oxides into the cutting cavity
reduce the speed. Cutting in the vertical position is conducted
frcm above downward, while in the horizontal and vertical planes,

it is usually done from right to left.

The regimes (sets of conditions) for the oxy-electric cutting
are presented in App. 18,

Tools and Vevices for the Underwater OUxy-filectric Cutting of
Metals. IFor the oxy-electric cutting, we utilize the same welding
station as during the electric-arc welding, with the exception of
the electrode holder,

in the oxy—electric cutiing, we assemble the installation
(I'ig. 89), consisting of the welding generator (subassembly) 3,
the tank 1 (or battery of tanks) with oxygen, of a special electrode
holder 4, a reducing valve 2, plus cables and hoses of the appropriate
length, The same welding generators are utilized as during the /132
underwater welding., The reducing valves, hoses and tanks are the

same as are used in the gasoline-oxygen cutting.
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“ige 89, Arrangement lor Underwater Oxy-Ulectric Cutting
of letnl: 1 ~ tank containing oxygen; 2 - reducing valve;
3} - welding subassembly; 4 - electrode holder; 5 - electrode;

6 - welding cable; 7 - object being cut; and 8 - oxygen hose.

The electrode holder combines the current supply and the
delivery of oxygen, with the aid of which the cutter operator
controls the cutting process. 'The type LkbL-4 (Fig. 90) electrode
holder has become most popular. 1t consists of head 14, frame 1,
oxygen valve 3 with a lever, and of handle 4 with a fitting for
the attachment of welding cable 6. For improved waterproofing and
electrical insulation, head 14 of the electrode holder is installed /133
in the textolite cup 12, having heles for the passage of the electrode

and the placement of the welding cable 6.
" 3 4
/ ,

5
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fig., 90, &kp-4 Electrode Holder: 1 - frame; 2 - nonreturn

valve; 3 - oxygen valve with lever; 4 - handle with fitting;

5 ~ oxygen hose; 6 ~ current conducting (welding) cable; 7 =

safety valve; 8 - paronitic lining; 9 - rubber lining; 10 =-

coupling nut; 11 ~ textolite bushing; 12 - textolite cup;

13 - threaded connection with textolite bushing; 14 - head; and

15 = coupling nut.

The electrode holder should provide a rapid replacement of

the electrodes during the work, and should exclude the leakage

of oxygen.

A feature of the EKD-4 electrode holder is the presence in
its frame 1 of safety valve 7, protecting the head and hose 5 from

the so-called "reverse impact" i.e, the phenomenon when (owing to

_ the difference in the pressures in the ambient medium and in the

electrode's channel), the molten metal tends to flow upvard along

the tubular electrode and to penetrate into the electrode holder's
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head. As a result the linings and sometimes the entire head burn
out. In order that the fire would be contained, in safety valve 7
we place the nonreturn valve 2. At an increase in the external
pressure, the head of valve 2 closes the channel and prevents the

flame from spreading any further.

lleed 14 is fastened to frame 1 by the coupling nut 15. On
tlie side at head 14, the threaded connectiom 13 is provided for
linkage to the holder of welding cable 6. The fastening of cable
6 is realized with the aid of the textolite bushing 11 and the
coupling nut 10, placed on the rubber lining 9.

The oxygen hose 5 is placed on the adapter of handle 4,
representing a brass tube with a fitting soldered on for the
welding (current-conducting) cable 6. The electrode is inserted
in the blind hole of head 14 as rfar as it will go, and is anchored

with a screw clamp (not visible in Fig. 90).

For controlling the supply of oxygen to electrode holder EKD-4,
prcvision is made for the oxygen valve 3 fitted with a lever. The
lever is mounted on the left, therefore it is easy to control the
starting of the oxygen, exerting pressure with the right-hand thumb,

without changing the hand's position at this time.

During the work with the holder, it is necessary to monitor
the waterproofing and electrical insulation of contact 13, tightness
of the oxygen supply line and heed, and to observe the proper technique

for the lighting and extinguishing of the arc.

Among the possible malfunctions of the lLolder, we include the
lack of oxygen supply, usually associated with the plugging of the
channel of the electrode or the holder's head, and the absence
of electric current supply in case of poor contact of the cable with

the lholder's head.

the elimination of these malfunctions, just as the replacement
of tho sealing linings, does not present any difficulties; if the

holder breaks down during the activity of the diver under water,
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the holder should be fed upward, after the diver has tlurned in a
report by telephone on what has talken place. At this time, the

velding current is cut off,

The procedure for assembling and disassembling the setup is
similar to the sequence involved in the asscmbly and disasscubly
of the unit utilized for the gasoline-oxygen cutting. lrior to
the assembly of the instellation, one verifies the proper conditions
of all its units. This is required for the continuous (normal)
operation of the diver under water. The assembly of the equipment
begius with the assembly of ihe battery of oxygen tanks (in case
of a large volume of operations), followed by the remcval of the
caps and seals from the valves of the oxygen tanks, and a one-second

clearing of the valves.

The tanks are connected to the battery. If the scope of work
iag small, one tank is taken, to which a reducing valve has bren
attaoched., After the mounting of the reducing valve on the tank, we
also perform a cne-second clearing of the reducing valve. l'or this
purpose, the valve ig opened while the adjusting screw of the valve
is turn clockwise. At this time, the valve is opened and the oxygen /135
moves outward, entraining with it the dust and dirt which has seeped
into the outlet fitting of the reducing valve. The oxygen hose is
then connected; by opening the valve of the tank and of the reducer,

this hose is also subjected to a one~gecond clearing.

After the blowing through, ithe oxygen hose is attached to the
adapter of the EKD-4 electrode holder, The electrode holder is
subjected to scavenging and is checked for its seal, i.e. a working
pressure is applied to it; with closed valve and inserted electirode,
it is lowered into a bucket filled with water. Then in the bucket
containing the water, the lever is pressed, but at the same time
one presses a finger on the end of the tubular electrode. 1n this
case also, there should not be any lateral leakage of oxygen
through the recess in the holder's head. If oxygen leakage should
be detected, we replace the linings in the electrode holder, and
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increase the tightness of the head.

After checking out the entire maoin oxygen line, we fasten the
wvelding cable to the electrode holder; the cable is comnected by
its second end to the minus terminal on the Born panel of the
welding installation. The second cable is connected to the plus
terminal and is supplied directly to the object which is being
cut. Lefore lowering the second cable intc the water, we check the
electric circuit at the surface by starting the installation and
firing the arc,

Cnly after the verification of the proper condition of the
entire setup do we lower the diver into the water and send to him
the electrode holder and the second erd of the welding cable, which
the diver connects to the object to be cut. These items are ordinarily
sent down after the diver had already arrived at his work site and
has issued the appropriate order. JDuring the lowering of the cable
and the electrode holder, the welding circuit should be deactivated
(cut oft).

During the work, the diver-cutter should have & reserve stock

of electrodes and an auxiliary +toocl. '
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CUAPTLELR T /136
AUTOMATION OF UNDiSRWATLERE WELOLNG AND CUTTLING
Section 35. Semiautomatic Welding Under Water

Currently studies are in progress on automating the process
of underwater welding, in order to increase the productivity and
t. eliminate the individual influence of the diver-welder on the
quality of the welded joint. LUse has been made of a series of
techniques, and only the appearance of the method of automatic
welding in an envelope of carbon dioxide has permitted us to find

the proper approach for automating tne welding process under water.

At first it appeared that the introduction of carbon dioxide
would yield a positive result, since its presence in the arc zone
altered the relationship of the components in the gaseous phase of
the steam-gas bubble, lowered the partial pressure of bydrogen,
and thereby reduced its solubility in metal. 1t is known
that hydrogen decreases the plastic cheracteristics of metal and

makes it brittle; therefore, a reduction of its content in the metal

is always desirable,

The effect of the oxidizing medium on the molten metal, being
developed in the presence of carbon dicxide, could be compensated
by the use of wire with an increased content of deoxidizing ageats,

pamely gilicon and manganese.

siowever, as it was then explained, the application of carbon
dioxide during semiautomatic welding under water causes pore
formation in the weld metal and introduced technical difficulties
concealing the arc and interfering with the observation of the
advancement of the process. In connection with this, we applied
another method of welding with an open fine electrode wire un- /137

protected by the arc, with high current densities.

lzxperience showed that the welded joints made with an open
arc surpass inh quality the joints made with supply of carbon

dioxide to the arc; there is no porosity, the data resulting from
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the nechanical, tests are morc stable (have & narrower range of
' -

values), especially in respect to plastic characteristics. 1t

became possible to develop permanently strong joints in the

overheud position,

Semisutomatic welding is conducted without swinging motions,
with the application chiefly of an electrode wire with diameter of
1.2 mm, brand Sv-08G2s, complying with GCST 2246-60. Welding in
the vertical position is performed from above downward. PYolarity
is adopted as reversge, i.e. the minus is connected to the object
while the plus is connected to the electrode. With the semiautomatic
device, we can weld steel with a thickness of 4 mm and more,

The productivity of semiauvtomatic welding under water is about 7-8

times higher than durinyg the underwater menual welding.

The control of activating the welding current and of the wire
deliveries is accomplished from a distance by the diver-welder
under water. The data characterizing the process of semiautomatic
underwater welding with an open unshielded arc are listed in

Appendixes 19 and 20.

Section 36, Semiautomatic Oxy-Llectric Cutting Under Water

g

In spite of the significant advances made in the electric-—-arc
cutting and particularly in the oxy=-electric cutting by hand with

& tubular electrode, this process will remain low in output.

The suggestion has been made to mechanize the process of
cutting under water, utilizing for this purpose the semiautomatic
devide for underwater welding with a fine electrode wire and
the delivery of an oxygen jet at & certain angle to the direction

of the electrode in the cutting plane,.

1t was established that the cutting regime becomes optimal
when the point of encounter of tvhe oxygen jet and the electrode's
direction coincide with the bottom of the welding pool. In this
connection, the oxidizing ability of the cutting jet of oxygen is

employed most fully.
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The technological anglea = 18° corresponds to this condition /138
at the prescribed design dimensions of the cutting attachment on
the semiautomatic device. At the outlet, the nozzle has a round
channel with a length ranging from 2 to 3 d of the outlet opening,
at a total length of not less than 5 diameters of the outlet opening.

Tests have demonstrated that the nozzle selected on the basis
of the conditions cited and provided with a cylindrical channel
assures & high quality of cutting under water. Based on the studies
accomplished, we have developed a design of a general-purpose semi=-
automatic device for welding and cutting under water. The procesa
is accomplished with reverse polarity. With the aid of this attach-
ment, wa succeeded in cutting solid sections with a thickness up
to 40 mm, however the semiautomatic device operates reliably in
the limits of thicknesses up to 25 mm. The cutting of sets (e.g.
of the ship framing) is conducted by the method of successive
dismemberment-~by elements of the set individually.

All those materials which are subjected to cutting with
oxygen are also subjected to semiautomatic oxy~electric cutting
under water, Based on the data from the measurement of machine
time, the productivity of the semiautomatic cutting is 8-9 times
higher than that of the manual cutting.

The cut made under water proves to be narrow, clean, without
bumps or arches, i.e. it resembles a cut mede by hand with a kerosene-
type cutter at the surface. The preliminary data on tho regimes
and productivity of the semiautomatic cutting at depths up to 10
meters have been listed in App. 21.

Section 37. Semiautomatic Device for Underwater Welding
and Cutting

For underwater semiautometic welding with and without the
supply of carbon dioxide to the arc, and also for the underwater
semiautomatic oxy-electric cutting, use is made of the PPSR-300-2
semiautomatic device of the VNIIESO design (lrig. 91i).
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Pig., 91. Semiautomatic Jevice for Underwater Welding and

Cutting (Type ¥PSR~300-2): 1 ~ head (torch) with lever for

remote-controlled activation of welding current and supply

of electrode wire; 2 -~ sealed tank with mechanism for supplying

the wire; and 3 - control cabinet.

Arrangement of Semiautomatic Machine for Undewwater Welding

and Cutting. The semiautomatic machine (Fig. 92) consists of
the follcewing basic units: a special power supply to arc 1, a
control cabinet 2, a feed mechanism with a supply of electrods wire
1.2=~1.6 mm in diameter in a case, enclosed in a round sealed frame
(tank) 13 submerged in the water, the head 16 of the semiautomatic

device, hoses 10 and 11 for supplying the gases, and cables 18.

The control cabinet (Fig. 93) is mounted permanently cn the
ship near the divers' (welding) station (is sttached to the bulk-
head). The control cabinet can be connected to the DC network
with a voltage of 110 or 220 v. Industry is also manufacturing
control cabinets for operating on 200 v alternating current. Through
the control cabinet, we accomplish the complete control of the
semiautomatic device's operation, i.e. the delivery of the electrode
wire, supply of oxygen during cutting, and the connection or

disconnection of the welding current. In distinction from
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similar installations for welding iu carbon dioxide e.g. the ADPG-500

or the PDPG-300, the control of the deliveries of the carbon dioxide
(or of air during cutting) is not accomplished, since in the given
case, the carbon dioxide performs an additional function, namely /140
the sealing of the submerged units of the semiautomatic machine,
including the tank and the head, and wlso the hoses. The gas is

fed "directly", moreover its starting begins from the first moment

of the semiautometic device's submergence in the water.

£2 ]

Fig. 92. Assembly Diagrem of Semiautomatic Machine for Under-
water Welding and Cutting: 1 ~ source of power supply; 2 - cabinet
for controlling the machine; 3 ~ electrode heater; 4 ~ oxygen
reducing velve; 5 - collector; 6 - tanks containing oxygen; 7 =
oxygen valve; 8 ~ tank containing carbon dioxide; 9 ~carbon
dioxide reducing valve; 10 -~ hose for feeding the carbon

dioxide; 11 ~ hose for supplying the oxygen; 12 - cable for
suspending the tank containing the delivery mechanism during
submergence in water; 13 ~ wire supply mechanism in seunled

tank (frame); 14 - special hose~cable; 15 - oxygen hose;

16 - head (burner) of semiautomatic device; 17 =~ connecting cable
sl-eves; 18 — welding cable; and 19 -~ object (sheating of ship).

lkey: a) to network.
In the control cabinet, there are mounted the electric drive

moter (Jf/7) 15, which runs two generators, i.c. generator (i*By),
supplying the auxiliary circuits with current, assuring the functioning




of the system {of relays). i.e. the connection and disconnection

of the welding contractor 10 and of the oxygen valve (KK) 12, and

also of other small parts, including the indicator bulb etc. The

other pgenerator which the motor runs is the ['J/7 generator, i.e. /141,142
the generator to the motor 17 for supplying the electrode wire.

In addition, the cabinet contaius the measuring instruments 4,5,

. regulating device 3 for feeding the wire, representing a

potentiometric rheostat connected to the circuit to the field

winding (magnet coil) of generator ['JJ717, the pushbutton welding

switch LC (not visible in the figure), and the cutoff switch BK 2

for providing current to oxygen valve 12,

e/ S B ]
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Fig. 93. Control Cabinet of Semiautomatic Machine: 1 =

front panel (cover) of cabinet; 2 - cutoff switch BK of oxygen
valve; 3 - device for adjusting the supply of wire; 4 - ammeter;
5 « voltmeter; 6 - coupling clamp; 7 - fuses; 8 - frame of
cabinet; 9 — unit of relays; 10 - cont_actor (main starter);

11 -~ shunt; 12 - oxygen valve KK; 13 - plug-in connecticns for
linhking the welding cable and the leads to the control circuits;
14 = BLy= generator to the control circuits (auxiliary); 15 -
YL M ~ electric drive motor; 16 = clutch; 17 - [ Jjfpgenerator

of moter for supplying wire; and 18 -~ indicator bulb.

Yor the connection of the welding cable and of the leads
from the control circuits of the semiautomatic machine's submerged
units, special outlets with plug-in sockets 13 are provided in the
control cabinet. In addition, on ithe front panel 1 of the control
cabinet, a tozgle switch is provided for switching the system over

from weldiny to cutting operations. The control cabinet is made

=137~




in a spray-protected design and is adapted for operation under

shinard conditions., The dimensions of the cabinet are 1330 X

498 X 610 mm and it weighs 120 kg.

The wire-feeding mechanism provides the forced delivery of
the electrode wire with a diameter of 1,2-1,6 um into the welding

or cutting zone (Fig. 94). It consists of a special UC motor

M {not visible in the figure), reducing valve 4, feeding unit 2

consisting of two rollers, of a current contact, cartridge 20

for the bare electrode wire and of a container (housing) 1 in
which it is mounted. Regulation of the rollers' pressure is

accomplished with a screw equipped with a spiral spring.

The feeding mechanism is mounted on base 16 with an insulating
Base 16 is rigidly connected with the cover of housing 6

lining.
In order that the mechanism would eacily fit

and is held on it,
into the housing, in the preparation of the mechanism for operation

or after the routing openings connected e.g. with loading the

cartridge with wire., at the base 16, slider 18 is provided with

a finish smooih enough to assure sliding.
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Fig., 94. Mechanism for Supplying the Electrode Wire of the
Semiautomatic Machine: 1 -~ housing (container); 2 ~ feeding
unit; 3 -~ 4insulating sheet; 4 - reducing valve; 5 -~ rubber
gasket; 6 - housing cover; 7 - oxygen adapter; 8 ~ inlet
for welding cable; 9 - packing disks; 10 - bushing; 11 -
pressure nut; 12 - helix made of stainless steel; 13 - outlet
for hose-cable; 14 - inlet for control cable; 15 - coupling
bolt; 16 -~ base; 17 - contact clamp for welding cable; 18 -
slide with finishing; 19 - unit for attaching feed mechanism
to base; and 20 - cassette (box) for electrode wire.
The delivery of the electrode wire to the zone of welding
(of the arc) is achieved by the feed rollers through a guide tube
by wmeans of a flexible hose-cabhle and the current-conducting
tip of the head. 1n the delivery of the electrode wire, the
pressing (driven) roller is forced away with the aid of a flywheel,
I'lre rate of wire delivery changes smoothly with the aid of a
regulator connected from the front panel of the control cabinet,
in the limits ranging from 3.5 to 14 m/min. The cover to the bin
is fastened with the aid of 5 coupling bolts. The vacuum seal of
the bin at the places of the socket and the inlets is provided
with gaskets and with the rubber lining 5.

5 6 7@ 8 [ r n
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Fig. 95. lead of Semiautomatic Machine for Underwater Welding
and Cutting: a - head with welding attachment; b - head with
attachment for cutting; ¢ - cutting unit; d - cutting attiachment
with concentric delivery of sxygen; e -~ view from top; 1, 18 -
current-delivering tips; 2 - nozzle; 3, 4, 23 -~ pipes; 5, 30,
bushings; 6 ~ liever; 7 - starting unit; 8 - hose-cable; 9 =
ring; 10 - spiral; 11 ~ adapter (nipple); 12 - multistranded
lead of control circuit; 13 ~ lashing; 14 - oxygen hose; 15 -
lever; 16 - pin; 17 - removable cutting fitting; 19 - nozzle
of cutting attachment; 20 - oxygen nozzle; 21, 22 - clamps;
24, 25 - bronze bushings; 26 - keyway; 27 - X-shaped groove;
28 -~ bronze frame of fixture; and 29 - polyethylene ring.

The bin's dimensions are 473 X 386 X 330 um; its weight
including the feeding mechanism but without loading the cartridge
with wire is 32 kg. The weight of the wire load is about 3 kg or
300~330 m in length with a diameter of 1.2 mm; this supply is
enough for 2 hours of work. The wire's feed rate does not depend

on the voltage in the urec,

The bin's unsinkability is provided by the carbon dioxide
(or air) pumped in under pressure, corresponding to the submergence

depth and somewhat exceeding it.

For the fine adjustment of the pressure and its maintenance
within the required limits, use is made of a valve mounted in the
bin's lid.

The hose-cable 8 (fig. 95) serves for delivering the carbon
dioxide, wire and electricity to the head. It passes through the
head's handle and forms an integral unit with it,

The base of the hose-cable is formed by a helix for the
delivery of the electrode wire which is made of stainless wire,
brand 1KH18N9 complying with GOST 5632-61. Tor better assurance
of the passage of the elecirode wire within the helix, the latter
is made from wire having a rectangular section. A steel braiding

is placed on it, and then for insulation, a rubber jacket (tubing)

is used, on top of which the welding line is placed; this line
is divided into strands which are evenly distributed over the
circumference (perimeter) of the helix. The durite hose is then
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installed, Both the helix and the current-conducting strands
are attached to the front bushing of the head.

The welding current is supplied to the head through a block
fastened to the feeding mechanism. The hose-cable is 3 m long.
It is made flexible in order not to create an impediment to the

diver during his manipulation of the head (welding torch).

The welding head (torch) has removable attachments, i.e. for
welding {(Fig. 95a) and for cutting (Fig. 95b, ¢). In the cutting
attachment at the optimal angle a = 182, the delivery of oxygen

and of the electrode wire is combined.

The head is designed for welding with electrode wire of two
diameters (1.2 and 1.6 mm) with currents up to 300 amps. Therefore
there are two current-conducting tips 1 in it. The current line
of supply, achieved from the copper tube 3 bent at an angle of 600
with a steel guide tube pressed irto it, is inserted into the
copper tube 4 insulated from tube 3. Outer tube 4 is covered with

a rubber casing.

The tubes are connected with the bushing in handle 6 made
of corrugated rubber, on which there is also fastened the starting
unit 7-~-a pushbutton type contact for the remote control of feeding
the wire and the oxygen. Oxygen is fed only during cutting. The
starting unit is provided with lever 15 located under the diver's
fingers, The lever presses on the button, closing the control
circuit, activating the wire feed mechanism and closing the
welding contactor, while during cutting, it closes the oxygen
valve (kk). The diver thus has the possibility of controlling
the starting of the semiautomatic machine and the welding (cutting)
process without sending a special command to the surface, i.e.
bhe accomplishes the control directly from under water, without

changing the position of his hands.

In the performance of the oxy-electric cutting, in addition
to the replacement of the fitting (attachment), through clanmps
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21 on handle 6 there is drawn the oxygen hose 14 and it connects

with oxygen nozzle 20,

To maintain the head at a constant distance from the object

which is being cut, the support pin 16 is provided.

We have recently developed a cutting attachment with a
concentric arrangement of the electrode and a jet of cutting
oxygen (Fig. 95d). The attachment provides the possibility of /147
cutting metal +vith a thiclness up to 80-100 mm during continuous

operation of the semiautomatic device,

However, it is worth pointinyg out that in the performance
of the tasks with this attachment, there is a significant increase
in oxygen consumption. Therefore the work with this fitting during
the cutting of slight thicknesses is not feasible. At the same
time, during its passayge through the nozzle the oxygen jet cools

it and thereby raises its strength,

Moreover, the presence of the polyethylene ring 29 permits
us to place the fitting, during cutting, by its end against the
object similarly to the underwater BUPR gasoline cutter, for
which the X-shaped groove is provided ir the nozzle. Such a
setup of the attachment permits us to do without pin 16.

The kit of the semiautomatic device incliudes instruments,
a clamp for fastening the reverse welding cable to the object
which is being welded or cut, plus a supply of spare parts,
specifically the replacement outer nozzles 19, and also a rotameter
for measuring the gas consumption during the operation (not shown
in the diagram). The¢ outer nozzles are made of textolite and
thecrefore quickly burn out.

Operation of the Semiautomatic Machine for Underwater
Welding and Cutting., The assembly of the unit (of the semiw
automatic device) and the attachment (connection) of the cables

and hoses are conducted in accordence with the assembly procedure
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(Fig. 92). Control cabinet 2 is connected to the network by
leads with a section of 1.5 mm2, Since the welding yith thin wire
is conducted on reverse polarity, the reverse lead (cable) with

a section of 50 mmé is cennected by one end to the minus terminal
of the welding generator and by the other end directly to the
object, if possible close to the welding site.

The second direct lead (cable) with a section of 50 mm2 is
connected by oue end to the plus terminal of the welding generator,
while its second end is connected to the terminal of contactor
10 (fig. 93) in control cabinet 2 (Fig. 92). To the second
terminal of contactor 10 (Fig. 93) there is connected the
welding cable of the same section, from the feed mechanism (Fig. 92).
The welding head 16 is connected along with hose~cable 14 to the
wire feed mechanism through the appropriate inlet (lead-in).

For supplying the semiautomatic machine with carbon dioxide,
on the carbon dioxide tank 8 to eliminate the freezing of the
reducing valve during the removal of gas, there is installed the
reducing valve 9 equipped with the electric heating unit 3.
Simultaneously, a gas consumption meter (rotameter) is installed.
If the feeding of the welding current is accomplished from a
special power source, the gas heater can be connected with it
by a lead having a section of 1.5 mm2; however, if the operations
are conducted from another welding installation, power is furnished

to the heater from a 48 wolt-network.

During the semiautomatic underwvater cutting, an oxygen hose
mounted (fastened) on the head is connected with adapter 7 on
the cover of bin {(container) 6 (Fiy. 94), while the latter is
connected by the oxygen hose directly with the oxygen valve, Kk 12
is connected by a hose with the oxygen reducing valve installed

on the collector or ramp of the oxygen tanks.

The semiautomatic machine is checked for operation at depths

up to 60 m both in fresh and in sal.ae water,
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In the utilization of the semiautomatic machine, it is
necessary to verify that in the connection of the welding head
with a flexible hose to the feed mechanism, the tip of hose-cable
14 is placed exactly opposite the groove of the driving roller
and is separated from it by a distance of not more than 1-2 mm,

The filling of the electrode wire in the hose-cable is
conducted with turned~out tip (adapter, nozzle); moreover, it
is necessary to make certain that the end (face) of the wire has
been carefully rolled (rounded), and that the wire itself has been

carefully cleaned of dirt, grease and rust.

The channel of the helix for the supplying of the electrode
wire should be periodically cleaned of accumulated dirt and rust.
for this purpose, the hose-cable is placed on a horizontally
extended wire with a diameter of 1.6 mm and a length of 5-6 mm,
The hose~cable is then moved repeatedly along the extended wire,
wvhile at the same time one performs rotating motions; in this
manner, the hose cable moves in a spiral, After the mechanical
cleaning conducted in this way, the hose-cable is blown clean

with compressed air under a pressure of 3-6 atm,

If the hose-cable is badly soiled and the wire feeds poorly,
for 10-15 minutes we pour 25 g of aviation gasoline or alcohol
intoe it; the dirty gasoline (alcohol) is then removed and the

hose~cable is carefully biown clean with compressed air.

In turning the cutting attachment in the current-conducting
tube, it is necessary to see that the tip of the cutting attachment
has been set in the plane of the head, i.e. that the wire and the
tip were in one plane (the cutting plane). 1f it turns out that
at this time, the tip is not turned as far as it will go, it is
necessary to install one or several washers in order that the tip

would be tightly pressed.

It is necessary to monitor the normal pressure of the feed
device roller in the delivery mechanism. In case of insufficient
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pressurc of the spring, the feeding roller can slip and the
feeding of the wire will be irregular. In case of wear to the
roller, it should be replaced. To assure the normal functioning

of the semiautumatic machine, one should also:

--check periodically (at least once per month) the oil level
g in the reduction gear of the wire feeding mechanism (it should
}k-] be filled to the 2/3 level); for lubricating the reduction gear,
 ' we use 1-13 lubricant (grease)im compliance with GOST 1631-61;

~—periodically check the condition of the contacts on the
magnetic starter (contactor) and clean them; one should also
tighten up the threaded connections and other electric contacts;

and

~-inspect the conditions of the commutators and brushes in
the generators; ary carbon deposits should be cleaned off; if
the brushes have become chipped or worn, they should be replaced.

ln the assembly of the system, prior to the diver's descent
it is also necessary to check the proper condition of all units ”
in the installation (semiautomatic device), particularly the
condition of the nozzle and tip of the welding head; when
necessary they should be replaced (if they have become badly
burned or spattered with metal).

Before lowering the semiautomatic device into the water,
the carbon dioxide gas supply is opened; based on the rotameter,
we adjust the ges consumption in such a way that during the
entire sojourn under water, the container would be filled with
o ges and its emergence from the tip of the welding torch would

. not be interrupted. ;

During welding in the overhead position, when the work is /150
done without delivery of carbon dioxide to the arc, & stopper is
activated, and to avoid the sinking of the container, hoses and
head, the carbon dioxide is fed only to provide support. 1In this

case, the diver should monitor the uninterrupted flow of gas from
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the tip of the head (welding torch) very carefully.

To reduce the no-load voltage of the welding generator and
also to curtail the expenditure of gases and for work convenience,
the length of the cables and hoses is selected according to the
submergence depth (the corresponding excess lengths are dis-
connected).

Prior to the dive, we check the airtightness of all the
submerging units to the semiautomatic device and the hose
connections with the aid of carbon dioxide gas under 0.5 aim

pressure.

The container with the feed mechanisgm is lowered only on &
special cable, rigged by the frame hendle; lowering the equipment
by the welding cable is forbidden.

After the completion of the operations, especially in winter,
the moisture (condemsation) is removed from the hoses; for this
purpose, all the hose connections are uncoupled and the blowing
out of the hoses is accomplished. The tasks associated with the

repair of the parts and unrits of the semiautomatic device must

not be conducted while volitage is turned on,

If the semiautomatic machine has not been in use for a long
time, it is coated with UNZ gun grease complying with GOST 3005-51.
The protective coating is checked at least once every 6 months,

It is easy for the diver~welders to master the work involved
with the semiautomatic device, since the maintenance of tho arc
and the control of the process have become greatly facilitated.

A disadvantage in the design of the semiautomatic machine is
the rapid breakdown of the nozzle to the welding head end to the
cutting attachment owing to the appreciable concentration of heat.

Section 38. Supplies, Tools and Appliences for Under-
water Semiautomatic Velding and Cutting

In the semiautomatic underwater welding, we use the conven-
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tional auxiliary tools at the disposal of a welder: wire brushes,
chisel, hammer and so forth, We apply the welding wire Sv=08G2S
(GOST 2246-60) with intensified content of manganese and silicon
(See Appendix 7). For the cutting, use can be made of any low-
carbon wire, e.g. the Sv-08 welding wire.

vuring the welding with supply of carbon dioxide to the arc,
we utilize rarefied carbon dioxide (GOST 8050-64). During the

/151

evaporation of the rarefied carbon dioxide, intensive cooling occurs;

this can lead to the freezing of the reducing valve, therefore on

it or in front of it, we install a special electric heating unit,

included in the kit of the semiautomatic machine, During welding
with an unshielded arc, for sealing the head and the semiautomatic
device's units which are submerged in the water, carbon dioxide is
utilized. For this purpose, it is supplied under pressure to the
system, compensating the pressure of the water column during sub-

mergence.,

For back pressure, use can be made of the air (from the ship's
compre=sor) passing through the oil-water separator; however to
avoid the random entrance of air into the molten-metal pool and the
possible nitration of the joint, it is better to employ carbon

dioxide.

During cutting, just as for similar operations at the sur-
face, technical oxygen (GOST-5583-58) is used. For measuring the
expenditure of the gases (oxygen or carbon dioxide), a type RS-5

rotameter (gas consumption meter) is installed.

Section 39, Yower Sources for Underwater Semiautomatic
Velding and Cutting

As experience has shown, for powering the arc during semi-
automatic welding under water, the PAS-400-VI welding installztion
can be utilized only with the switching to series-winding for
matched connection and to shunt winding for independent power
supply and with attachment of the kM-1 fitting.
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. @ Industry is mastering the production ¢f special power sources

supporting the semiautomatic and manual welding under water.

The magnetic IM-1 fitting provides the formation, at the welding
generator, of rigid external characteristics with intensified no-1load
voltage, The PM-1l unit is a small device weighing 12 kg. It consists /152
of a magnetic amplifier (MY), a voltage stubilizer (CH) and a selenium
rectifier (BC)., 1ts functioning is based on a reduction of the in-
ductive resistance in the AC circuit during the magnetization of the
iron by a constant magnetic field.

%
'A'A'A'A'A'i
)

hae ]

Fig. 96. Main ilectrical Circuit for Connecting the CL'M = 3-VI
Generator (of the P -400~VI subassembly) with the PM-1 Unit;

S = generator armature; COj] = series winding (4 coils); €Oy
(series winding) (2 coils); 0PN = winding of supplemental poles;
WP - shunt regulator; 4/0 = shunt winding; MY = magnetic amplifier;

CH = voltage stabilizer; BC = selenium rectifier; WA = AC
winding of fitting; W& = feedback winding based on amplifier's
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load current; UVQ = feedback wipding based on welding current;
V = voltmeter; and A = ammeter.
. Khey: a) About 220 volts,

The main electrical circuit for conmecting the CL'/7 -3-VI
genexator (PAS~400-VI subassembly) with the PM-l unit is shown /153
in I'ig. 96,

For working with the IPM-1l fitting during the underwater semi-
automatic welding, an additienal AC power source of 220 v is required
with a force of not less than 0.5 kw, This is provided either from
the power system at the ship repair docking facilities or from an

onboard AC power gource,
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CHAPTER 8

DRILLING, CUTTING AND OTHER MINOR OPERATIONS PERFORMED UNDER WATLER
Section 40. Orilling and Cutting of Holes Under Water

In underwater conditions in the performance of the hull tasks,
it is necessary to drill new holes, toredrill old ones, to counter-
sink and to ream the holes, and teo drill out rivets.

Drilling holes under water is one of the laborious operations;
a solid support is required. If the work is done from a scaffold,
drilling is performed with the utilization of a side lever.

In this case, to the hull sheathing we weld a pin with an eye-
bolt, on which a lever plate is hung, With its aid, we press on the
cross piece of the drilling machine.

During the work at the side, the pressure is exerted from the
upper deck at the command of the diver, whose role consists of
holding the drill in the required position and observing the
progress of the drilling (Fig. 97). At a great depth in case of
working on & sunken object, the drilling operation is performed by
two divers; one of them holds and guides the drill while the other

presses on the lever.

If the work is done from the sea floor and the ship's sheathing
thickness is more than 8 mm, during the drilling use is made of a
supporting bracket welded to the side (Fig. 98). The drilling is
done with pneumatic drills of the piston or rotor type, or with
electric drills. Before the drilling, a layout is made and the /155
centers of the future holes are marked with a prick-punch.

The drill is gripped in the chuck and the drill is lowered on
e line to the diver. The diver places the drill point on the marked
center, perpendicularly to the drilling plane, and then the machine
is started. Just as at the surface during the drilling of large
holes, a small hnle of 6-8 mm is first drilled, and then the hole

is drilled to size.

=150=




rfig. 97. orilling lioles in a Ship tull with Pneumatic uUrill,
Using a Plate Lever kig.
i1 the drill jawms in the metal, one should first cut off the
air supply and then extract the drill bit. The drill should be 'j
withdrawn in such a way us to retain its perpendicular position

relative to the drilliug surface.

sefore the withdrawal of the drill from the metal layer, the
drill's rpm should be decreased, so that the mechine would not be
Jerted out of the diver's hands from an abrupt jolt. During drilling,
defects develop: the drift of the drill to one side (skewing),
the formation of "figure eizghts" (noncoincidence of the holes in the
adjoining sheets or elements of framiny), displacement of a hole
owing to inaccurate drilling or marking out, etc. 1n these instances,
the holes ure welded over and theu new ones are drilled. 1f the
vunlace is slight, it is eliminated by reaming or by additional
drilling of the holes. The operztions on reaming and countersinking /156
are aiso conducted with hand=type drills. lworeover, the drills are
otolized for cteaning and chipping the welded seams of the ship's hull,

-151-




Ffor this purpose we insert a wire brush or a grinding wheel into the

drill chuck.

l’ {—_ -ﬁ} "
: *“:Jsf
: ‘w r
%.«
p ti 5
Pl ‘ . _A,x_/‘h___}

Fig. 98. Supporting Bracket for Drilling Holes Under VWater:
1 - support; 2 - slider; 3 - stay bolt; 4 - drill; and 5 -
outer sheathing of ship.

During the repair of the hull, it is sometimes necessary to
drill out the old rivets. Basically this job does not vary in
any way from ordinary drilling but it does demand greater accuracy
and attentiveness on the part of the operator.

The cutting of holes is a task typically performed during
ship hoisting and is accomplished by the flame method (gasoline-
oxygen, oxy-—electric or electric—arc cutting). These are usually
large holes, e.g¢. holes for the mounting of coamings, sluice shafts

and so forth,

Care is exerted in the performance of these tasks, since
usually data are notavailable on the material located behind the
surface which is being cut. Therefore during the application of
the flame cutting, a hole is drilled with a pneumatic tool or
electric instrument. 1f there arc¢ combustible gases or liquid
(which should be established by analyzing the sample), it is
necessary to pump them out and to fill the compartment with water. /157

The cutting of the holes begins from the "prick mark", and then

the cutting is performed as was described above (see Chapt. 6).
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Section 41, Underwater Cutting of Metal

Iun underwater ship repair, the cutting of metal is utilized
mainly in the trimming of the edges of sheets to be welded and
during their cleaning, the dismemberment of sheets of slight
extend when it is not possible to utilize flame cutting, during
the removal of rivet beads, the re-cutting of cebles, chains and
so forth. DMetal cutting differs according to position in space,
angle of edge being cut and in smocthness of finishing.

According to orientation in space, cutting is usually from
above (in the downhand position), from the side (in a vertical
position) and from underneath (in overhead position). In underwater
ship repair, we use chiefly the cutting from the side and from below,

i.e. in the vertical and overhead positions,

According to the angle of the edge which is being cut, we
differentiate cutting with removal of chamfers at an angle of
30-60°, and during the cleaning of edges, we use the so-called
standard cutting at an angle of 90°, 1In respect to smoothness of
finishing, we have the rough and fine cutting. Rough cutting is
the trimming away of the irregularities on the edge, the removal }
of bulges in the welded joint (e.g. in case of butt-welding with ’
plates), etc. while fine cutting is the cutting to size, according !

to a reference line.

The cutting tasks are performed with cutting hammers or, in
the event of small scale operations and sheets of slight thickness,
the tasks are done with cutting-chalking guns, The diver holds the |

pneunmatic hammer with both hands: with the left hand, he guides
the chisel edge along a line marked in advance (a reference line
or line marked with chalk which has been boiled in grease), while
with the right hand, he presses on the hammer, aided by the hull.

The cutting is performed from one of the ends of the edge,
along it from right to left., 1If the surface is dirty or has

become fouled by barnacles and algae, a sector of the sheet edge

is first cleaned off, The thickness of the metal chips is selected
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in relation to the sheet's thickness and the actual conditions of
the work being performed.

If the metal has a considerable thickness and the removal of /158
one shaving is insufficient, the process is repeated. The trimmed
edges should not show scratches or burrs. When cutting a hole in
the middle of a sheot, a slot is first cut with a groove chisel,
and the groove is then cut deeper with a standard chisel until the
opening has been completely cut,

Cutting off the rivet heads needing replacement is done in the
following sequence: first a groove is cut across the diameter of
the head (Fig. 99a), then half the head is cut away (Fig. 99b);
the rivet shank is knocked out with a punch or is drilled out.

tivets are often burned out with an electric arc.

an
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Fig. 99. Cutting O0ff a Rivet dead: a - groove has been cut;
and b -~ trimminc off the remnants of the rivet head.

During the work with a cutting hammer, definite rules are
observed. Before releasing the air to the cuttin, hammer, the
chisel is placed tightly against the edge which is being cut off,
1f this is not done, during the delivery of air, the strikers of
the gun could break the support ring or the gun might jump out of
the diver's hands.

In preparing the sheets for welding, the edges should be treated
with particular care, since inaccuracy in the amount of clearance
can cause damage. The correctness of the opening angles and the
amount of the clearances are checked with templates, The following
defects can exist during cutting: violation of dimensions, burns,
and curvature of the edges.,

Sectivn 42. Cutting and Trimming of a Cable and Anchor
Chains Under Water
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The cutting of a steel cable is done with a chisel and anvil,
We de not recommend cutting a cable which is under tension., If
it is impossible to slacken the tension on the cable, in order that
the cable ends at the moment of completion of the cut would not
"jump" and injure the diver, prior to the cutting the place of
cutting should be served with a rope from twe sides and tied with a
span to the ship's side.

The cable can be cut through with the aid of hand cutters. For

this, we use a lip to sepavate the strands and we cut through them /159

with special cutters (Fig. 100) or with conventional metal —cutting
shears.

Fig. 100. Shears for Cutting Steel Cable: 1 - steel lip;
2 - stationary cutter; 3 -~ mobile cutter; 4 - Pivot; 5 -~ stop
block; 6 - upper levar 7 ~ lower lever; and 8 - handles.

When underwater conditions are involved, steel cables with a
diameter up to 65 mm both freely suspended and also wound on the
propeller shaft can be cut with the assistance of a circular tool
povered by an electric drive, The cable can be cut through in
15-20 minutes. 1f the cable is tangled on the propeller and is
Jammed between the propeller's hub and mortar, which is a fairly
common occurrence, and provided that conditions permit, the pro-
peller shaft is disconnected and is moved slightly into the stern.
If the wound cable is tangled and wedges and can not be unwound, it
is cut through blow by blow with mechanical means, or with flame
cutting. Rope cables are cut through with a diver's knife.

The flame cutting of a cable wound onto the propeller is
ach1eved with an electric-arc or electrode method. The cable is
cut gradually, starting from the upper turn, During the cutting
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of the last turn, caution must be exercised in order not to damage
the propeller shaft or the propeller hub. If the cable is jammed in
the space between the hub and the mortar, it is necessary to hold

the electrode at a tangent to the cable's circumference. /160

It is recommended that the final turn of the cable be cut off
with the electric-arc method by successive ignition of the arc. In
this case, at the point of the arc's excitation, the steel strands
of the cable quickly burn, and we exclude the chance of damaging
the propeller hub, mortar or the propeller shaft. If possible, we
place a metal or wooden insert under the final turn of the cable,
The current force is chosen according to the cable diameter, but
lower by 15-20% than in the cutting of a solid section of the same

thickness.

When it is necessary to freea ship from the bonds retaining
it but there is no opportunity to haul in the anchor, the cutting
of the anchor chain is accomplished. Cutting the chains is performed
chiefly by the flame method. The conaitions are selected to be the
same as in the cutting of round sections. The cutting of the chain
links is achieved along with the cutting of the tie~pieces. At
this time, the diver's position should be such that the cut~off
falling ends of the anchor chain would not catch the diver,

Section 43, Chasing ( Calking) of Riveted and Welded
Joints Under Water

In underwater ship repair, the <¢alking with pneumatic cutting-
calking guns is used for tightening the riveted and in part the
welded joints., The method of chasing the edges depends on the
design of the joint (butt or lap, scraped or unscraped edges, etc.).

If the sheathing sheets have been machined at a right angle,
or are not machined at all, it is necessary to remove the bevelling
prior to the ealking., During the chasing of unmachined edges,
the cmlking chisel is held at an angle of 35-409, with the acute
angle upward (fig. 10la). The edge of the sheet is swaged to a
height about equal to 2/3 of its thickness. The groove (Fig. 101b)
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which had formed in the edge is cut out Irom above with a chisel

and a bevel (chamfer) is developed. 7Then using a curved ‘c:alking
tool, the edges are closed (l'ig, 10lc), and it lies closely against
thie adjacent sheet. For a tighter fit of the sheets with one another,
a repeatved closing of the edge is conducted with a <¢alking tool

having a narrower face (striker).

During the calking of the scraped edges, we conduct the
same operations, but the initial groove is made with a «<alking /161
tool having a rounded striker (l'ig. 102a). 1t should be taken

I'ig., 101, Chasing of Unscraped iidges. Tightening a defective
rivet with a half-~round (standard) head: 1 - calking tool
for swageing the rivets; 2 - calking tool with acute angle
for chasing the edges; 3 - rivet; 4 - edge of sheet with groove
after chasing with celking tool 2; 5 - edge of sheathing sheet;
and 6 - curved calking tool for closing the sheets' edges.
into account that during intensive and prolonged c¢alking, the
sheet's edge starts to bend, a gap forms between the edge and the
rivet, and ifnstead of closing the joint and stopping the leakage
of the seam, the filtration could increase, especially when we are
vorhing in underwater conditions where the ship hull is subjected
to the hydrostatic pressure of the outside water (lig. 102b).
Jurinyg the chasing of the edges, in order to avoid damage to
the lower sheet (l'ig. 102c), one should never position the calking

tool with the sharp edge downward.

With the aid of <calking,we reinforce the weakened heads
for the rivets. [lor this purpose, the <cilking tool with concave

striker is positioned at a certain angle and is moved around the

_entire circunference of the head, during which time the tool /162

should be held perpeadicularly to the surface of the rivet head
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Fig. 102. vefects Developing During the Chasing of the ldges.
Consolidation (closing) of defective rivets: 1 -~ calking tool
for swageing the rivets; 2 - faulty rivet with sunken head; 3 -
calking tool equipped with rounded striker for chasing the
unscraped edges; 4 - damage caused by excessive <calking of
edge -~ the edge has been bent and formed a gap; 5 — sheathing
sheet; 6 - improper position of calking tool —- acute angle
doewnward, as a result, an undercutting of the edge to the
sheathing's sheet; and 7, 8 - closing the rivets with intensive
upsetting (swageing).
(1ge. 10la). After this, with & curved calking tool (Fig. 101le),
we conduct *he closing of the edges by blows from a c.alking gun.
If wvater leakage is detected in a riveted joint, we first accomplish
the tightening of the heads of individual rivets and then we chase

he edges of the sheet.

If a rivet has become greatly weakened, it is tightened by
intensive upsetting of the head from above (Fig. 192, b,c), and
by a subsequent c¢alking of the edges or welding around the
heads, With a thickness of sheets less than 5 mm, one can never
tighten the riveted joints by <calking, since the sheets would
bulge out. in this eventualiiy, the leakage is eliminated by
welding the edges of the sheets and by welding around the rivet

heads.

Section 44, Tools for Underwater Hull Operations
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For the accomplishment of the ship assembly and hull operations
under water, use is made of the identical tocls as during the activ-
ities at the surface. Use is made of the preumatic drills, type
SM-22E, Sk-32i8, RS-22, RS,32, SPU and others, as well as of electric
drills, the itB-54, RB-58k, RB~63 and LRK-9 pneumatic cutting- calking
guns, type itk hammers, pneumatic wrenches, circular cutters, metal

cutting shears, and so forth,

An electrically-powered tocol has an advantage over the air-—
povered tool in that its functioning does not depend on the sub-
mergence depth, whereas the pneumatic toel can operate cnly within
the limits of the depths established by the strength of the hoses
supplying the compressed air.

Moreover, the electric tool causes almost no bubbling (emission of
used air into the¢ water), which would interfere greatly with the work,
and in combatting it, one must use diversion hoses equipped with a
float. The maintenance (servicing) of the electric tools is simpler.

The generai-purpose pneumatic tool has been described in detail
in the literature, therefore we will present here a brief description
of the specialized tool suitable for use in underwater conditions.

The underwater pneumatic tool has in its exhaust nozzle a
special fitting to which there is connected the air-diverting hoase
with a length of 1.5 - 2 m and attached to a cork-type or other /163
float, reinforced padding of gaskets and general sealing.

Experience has indicated that the sealing of the general purpose
pneumatic machines is quite adequate for their utilization under the
conditions of underwater ship repair provided that the additional

requirements listed above are fulfilled.

During work at a great depth, one applies only the special
(underwater) pneumatic tool, capable of withstanding a great
hydrostatic pressure. In this case, we recommend that the air
outlet hose be extended to the surface in order to avoid power
losses, The following specialized devices are utilized for the
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underwater operations.

The SPU Pneumatic Angular Drilling Machines (Fig. 103) are used
for drilling holes up to 23 mm in diameter in corners and other
» *  difficultlyaccessible locations, and also for countersinking, reaming
of holes and the chaéing of threads. The pneumatic angular drilling
machine consgists of four main nnits, i.e. of a drilling head, a
rotor motor equipped with a centrifugal regulator, a planetary re-
ducing gear and a starting lever.

In the drilling head, there is mounted the shaft 39; in its
_tanered recess, there are inserted the spare working tcols, i.e., the
drills, countersink reamers, etc., The rotation of shaft 39 is
accomplished from the rotary motor through the planetary single-
stage reducing gear; the latter's centiral gear 33 is connected
by a threading *o rotor 31 and teo the pair of bevel gears 4 and 40,

Rotor 31 of the motor has six slots with textolite blades 12
moving freely in them, and is arranged eccentrically in relation to
stator 11, Holes are drilled in the walls of stator 11 for the
delivery of compressed air tc¢ blades 12 and grooves have been milled
out for the release of the spent air from the machine.

For purposes of reducing the wear on blades 12 and also for
raising the efficiency of the pneumatic motor, automatic lubrication
is provided in it. The spindle oil poured into the specially provided
chamber 27 in the head of housing 13 is sprayed by a compressed air

jet into the working cavity of stator 1l.

The rotor turns in two ball bearings mounted in the covers 28
and 32 of the motor. The motor is equipped with a centrifugal ball- /165
type regulating device; and its aid, we accomplish automatically the
control of the number of revolutions of rotor 31. The centrifugal
regulator is set for 4500 rpm at no-load operation uf the machine.
Adjustment is achieved with the aid of a spring and the special nut 30.

At an increase in the rpm of the rotary motor, the axial component
of centrifugal force of the balls acting on cap 26 will exceed the
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tension excrted by spring 16 and will nove cap 26 along with slide
valve 14 in the slide valve bushing 15; as a result, there will be a
rxducticen in the flow passage area of the latter's ports signifying

‘ the admission of compressed ~ir into the motor. The number of motor
rpm will diminish and under the effect of spring 16, cap 26 will
return to its original position, while the flow passage cross sectional

area of the ports in slide valve bushing 15 will be restored.
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'ig., 1U3. 1The SPU-23 ineumatic Angular Prill: 1 -~ cover of head;
2 - tool post; 3 ~ ratchet wrench; 4 « bevel gear; 5 - bushing;

6 - key; 7 — frame head; 8 - guide; 9 - pin; 10 - crown gear;

11 - stator; 12 - rotor blade; 13 ~ housing head; 14 - slide valve;
15 ~ bushing of slide valve; 16 - spring; 17 - bushing; 18 -
conical bushing; 19 - connecting piece; 20 - coupling nut; 21 -
nipple {adapter); 22 - spiral spring; 23 - clutch; 24 - bypass

pin {(stud); 25 -~ pin; 26 - cap; 27 = lubrication chamber filled
wvith wool waddinyg socalked with spindle o0il; 28 - rear motor cover;
29 = housing sleeve; 30 - special nut W1th spring; 31 - rotor;

32 - frout motor cover; 33 - central gear; 34 - satellite (inter-
wediate) genr; 35 - screws; 26 — drill; 37 - nut; 38 - ring;

39 - shoft; 46 Zpevel rear; and 41 - spiine (key)

The machine is started up with a storting lever, i.e. by turning
clutch 23 for 1/4 - 1/2 of a revolution. At this time, the air outlet
channels of bypass pis 24 line up with the groove in conical bushing
18 (as is indicated in ¥ig, 103) and the air irom the hose passes

throush the lever (handle). Spring 22 presses bushing 18 againsv

the coue ol bypass pin 24 and therebv holds it in a working (matched)
position, The wmachine is stopped by a reverse twist of the clutch

. (couplingaj.
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* The compressed air flows from the starting lever through the ports
in slide valve bushing 15 and the curved channel of housing head 13

to stator 11, From there, through two longitudinal channels and a
series of obliquely drilled holes in stator 11, the air enters the
working chamber of the motor (of the stator) and, exerting pressure

on blades 12, it forces rotor 31 to rotate.

For feeding the machine duriang the drilling and removal of the
working tool from the recess of shaft 39, there is +he tcol post 2,
vhich can be turned with the ratchet wrench 3,

In working with the machine, it is necessary to monitor the
proper condition of the mechanism, to perform timely lubrication
and to keep it clean, tc prevent the enirance of moisture, since
vhen exposed to water, the blades of the rotary motor cculd expand
and become jammed. In installing the drill, it is necessary to position /16€
it properly. During turning, a badly installed tool could jump cut of
the chuck and injure the operator. Should any jammirg of the tool
occur, it should be stopped and brought to the surface; we recommend
disassembling it only after the pressure has been shut off. The
technical specifications are listed in App. 22.

The pneumatic wrenches (our industry is producing several
standerd desiyns) are utilized for turning bolts and nuts with a
diameter up to 85 mm. They have a handy pistol design, small
dimensions and low weight (Fig. 104). The front of the wrench serves
as a holder for the cam=-type impact mechanism, 6. The driven (slave)
coupling 3 extending to the vutside terminates in a square shank,
on which one can use the end wrenches, 1. The wrenches are held in
the shank by retainer 19 fitted with spring 2. The housing (cylinder)
of impact mechanism 6 has cams on the end, connecting with the

driven coupling, 3.

The connection of rotary motor 10 with the percussion (impact)
wechanism 6 is achieved vie the planetary reducing gear, 8. 'The
rotary motor 10 has a reverse gecar and can alter its direction of

rotation., I'or this purpose, switch 9 is installed at the rear part
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of the wrench's frame.

The turning of nuts or bolt heads is achieved by the transfer

of torque from the motor to wrench 1.

However, when the nut or bolt has reached its tightest point,
a delay occurs which is accomplished in the following manner,

At the moment of the nut's (bolt's) pressure against the object,
the driven coupling 3 is braked or stopped. The cylinder to the
percussion mechanism 6, engaged with coupling 3, also stops simul-
taneously. Under the effect of revolving shank 18, the cylinder
of percussion mechanism 6 receives an axial displacement, in which
there occurs a compression of the spring contained in it, and the
disengagement of the end cams from the cams in coupling 3. As soon
as the cams become disengaged, under the effect of the compressed
spring, the housing of the percussion mechanism 6 strikes against
the cams of driven coupling 3, and hence also against the head of
the bolt or nut which is being tightened, since wrench 1 is connected
rigidly with it. In this manner, we have several repeated blows
Cirected in a tangent, and the bolt or nut is tightened.

! 2 3 4 6
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Fig. 104, Yneumatic Wrench: 1 - removal e¢nd wrench; 2 - sgpring;
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3 - driven coupling; 4 - bushing; 5 ~ housing cover; 6 — percussion

mechanism; 7 -~ frame with lever; 8 ~ planetary reducing gear;

9 - switch; 10 - rotary motor; 11 - rubber lining; 12 ~ spring;

13 - adapter; 14 - connecting piece; 15 - plug;'lﬁ - trigger;

17 - button; 18 - shank retainer; and 19 - retainer.

The wrench is started by pressing on bubtton 17 of trigger 195,

At this time, spring 12 is compressed and the groove provided iun
trigger 16 lines up with the air outlet drilled in the handle of
frame 7. During the operation of the wrench, one should hold the
trigger button in pressed position, and during stopping it should
be released; under the effect of spring 12, the trigger will return

to its original position.

The requirements for care and operation are the same as during
the work with the pneumatic drill (see above). The technical

specifications are listed in App. 22.

The preumatic cutting shears are designed for the straight
and curved cutting of sheet metal with a thickness up to 3 mm
(Fig. 105). VWith these shears, we can perform the external trim-
ming of & sheet and the finishing of circular holes with a diameter
of more than 22 mm. The layout and cuiting of the sheets is
accomplished according to a pattern (template).

These cutters are comprised of an intake unit, a rotary type
of pneumatic motor, a planetary reducing gear, a cutting head with
a slide unit 35, die 28, punch 29 and other small components.

The die 28 and punch 29 are fastened in the lower part of
the frame of head 2 with the aid of coupling (union) nut 30. With
screw 27, the latter is mounted in slide block 35. The cutting head
ia placed on the projecting part of the frame to reducing gear 23,
and meshes with rod 32, seated on the pin of crankshaft 24, In this
manner, the turning of rotor 10 through the planetary reducing gear
and the crankshaft-rod mechanism is converted to the reciprocal
motion cf slide block 35,

The starting of the cutters is accomplished with the aid of
valve 12, located in the cover to engine frame 14; one simply
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‘presses on head 13. At this time, valve 12 is moved to its extreme
position, the air outlet openings of valve 12 and the cover of

engine housinyg 14 are lined up and air enters the working cavity

* (effective chamber) of the rotary motor. Valve 12 is held in its

extreme position with the help of retainer 17. To turn the cutters

off, the operator presses on the lower head of valve 12, which

will assume its former position and stop the supply of air. At this /170
time, retainer 17 enters the slot of valve 12 and holds it in this

position,

Fig. 105. PYneumatic Cutting Shears (Cutters): 1 - head cover;
2 - head frame; 3 - keyway; 4 - support ring; 5 - guide; 6 -
gear; 7 - exhaust ring; 8 - engine mounting; 9 - blade; 10 ~
retor; il - recr cover of engine; 12 - valve of intake unit;
13 - valve head; 14 - cover of engine housing, where the intake
vnit is installed; 15 - connecting piece; 16 - engine bushing;
17 -~ retaining unit; 18 - stator; 19 - front engine cover;

20 - roller; 21 - needles; 22 - crown gear; 23 - reducing gear
frame; 24 ~ crankshaft; 25 - bushing; 26 - pin; 27 - screw;

28 - die (matrix); 29 - punch; 30 = union nut; 31 - roller;

32 - connecting (pistou) rod; 33 - bushing; 34 - screw; and

35 - slide block,

Operation of the rotary motor is similar to that of the same
motor utilized in the power drill, Cutting a sheet is done from the
edge, or (as we have already indicated), the cutting is done through

the reaming of holes permitting the thrusting of die 28 of the cutter's
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head into them.

Die 28 is brought into contact with the sheet's edge and the
cutting is performed., At this time, punch 29 is moving up and
down. At each stroke of punch 29, a comma-shaped shaving is peeled
from the sheet by the punch's blade. By successive motions of the
tool, the cutting of the sheet metal is accomplished. With well-
organized work habits, one c¢btains a cut which proves to be both

clean and even.

For convenience in working under water with the power cutters,
it is necessary to tack-weld a connecting piece to the exhaust ring,
and to attach an air-outlet hose to it, with a length of 1.5 m
and having a float connected to the end. The technical specifications
of the cutters are listed in App. 22.

The electric circular saw (Fig. 106) incorporates an electric
motor 9 of submerging type, permitting use in water owing to the
sealed special composition of the stator winding; it also includes
reducing gear 4 equipped with a pair of bevel gears, end a maximal
torque clutch 3 protecting engine 9 from overloads. Also included
are the abrasive disk 11 and supports 10. For controlling and
moving the saw along a guide line during operation, the frame of
electric motor 9 has the handle 5 and lugs 6.

The cutting wheel 11 with a diameter of 175 mm and a thickness
of 2-2,5 mm is made of abrasive materials and is reinforced with
paper. With the power circular saw, we can cut a cable not only
when it is tangled on the propeller or propeller shaft but also
when it is hanging freely. We have shown in Fig. 106a the
moment of cutting the cable 16, having become wound around propeller
shaft 15. For this purpose, posts 10 of the circular cutter are
pressed by their base 2 against the cable 16, being cut, with the aid
of line 14 encircling shaft 15. Line 14 is fastened to the base of
posts 2 with the aid of snap hook 1 and is stretched with hand
winch 13. At the base of posts 2, there is a slot through which
the abrasive disk (grinding wheel) 11 passes. Cutting the cable
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is performed by a successive severing of its individual strands. /171
Moreover, the cut turns out to be wide and thus precludes the
binding of the cutter and its premature wearing out.

Fig. 106. Cutting a Cable with a Circular Power Saw: a = wound
on propeller shaft; b = freely suspended; 1 ~ snap hook on line;
2 - base of supports; 3 - maximal torque clutch; 4 - reducing
gear; 5 - handle; 6 ~ lugs on motor freme; 7 - current-conducting
cable; 8 -~ handle; 9 - electric motor; 10 - guide posts; 11 -
abrasive wheel; 12 - lateral support of post; 13 -~ hand winch;
14 - line; 15 ~ propeller shaft; 16 - cable which is being cut;
17 = jaws for gripping cable being cut.
We have depicted in Fig. 106b the cutting of a freely suspended
cable. In this instance, cable 16 which is subjected to cutting
is pressed against base 2 by jaws 17 pProvided with special lips,
The cable, witha diameter of 35 mm, is cut through in 10-15 min. ,
while it takes only 3 min. to cut through a l-~inch pipe. The power

cutter is started by turning handle 5, closing the electric contact.

During the utilization of the circular cutter in underwvater
conditions, it is necessary to observe all the rules pertaining to /172
" to maintenance and safety techniques adopted for the utilization
of the electric power tool, including verifying that the cable
does not have breaks in its insulation. After use, the tool should
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be wiped with a clean dry c¢loth and the disk should be dried out.
When it becomes worn, the disk is replaced by a new one. During

the work, it is necessary to insure that the disk is positioned

at right angles to the cable which is being cut. Otherwise, it
would be possible to have a jamming of the abrasive disk and it
could be put out of commission., The disk's technical specifications

are presented in App. 23,

The electric power drills for underwater operations (Fig. 107)
are designed for drilling holes up to 25 mm in diameter. The
presence within the kit of the special post 10 permits the diver
to work along without the use of levers. In the machine, we have
employed as a diver unit the submerging type electric motor with
sealed stator winding. Post 10 is fastened tc the ship sheathing
1 with the aid of pins 4, screwed into the sheathing and equipped
with lateral supports 5; these are mounted in small, previously
tapped holes. Thus, a rigid system is created in the installation
of post 10, which provides the development of an axial force during
the drilling (axial force up to 300 kg).

During the drilling, crosspiece 8 of the power drill is
rested on crossbar 7 of post 10, while drill 14 is inserted into
chuck 13, During the work procedure, the diver turns crosspiece
8 and thereby creates an advancing motion of the drill. Starting
(turning on the power) of the machine is achieved by twisting the
handle, 11,

The requirements with respect to the rules orn the safety in

use and operation of the drill are the same as for any electric
power tool. Its technical specifications are tabulated in App. 23.

The Underwater Hole-Punching Gun (UHPG) is used for punching
holes and driving pins into sheets of shipbuilding steel with a
thickness ranging from 9 to 25 mm. If the metal's thickness is
less than 8~9 mm, a driven-in pin will not hold.

The underwater hole-puncher (Fig. 108) consists of a hollow
frame 10, rigged with handle 16 aund a hole for mounting the loaded
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(assembled barrel) 9 in it. Within frame 10, there are mounted
firing pin 14 and the return spring 13, holding barrel 9 in its
extreme position. To protect barrel 9 from falling out, in

the front part of frame 10, catch 3 with spring 4 has been included.
In frame 20, two holes 15 are provided for the outlet of water,
while for lowering the gun to the diver, two lugs 1 are incorporated

on frame 10.

,
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FPig 107. Llectric Powver Drill for Underwater Operations: l-
ship sheathing; 2 -~ pawls for gripping the pins; 3 - spring;
4 - pin; 5 - lateral support; 6 = current-conducting cable;

7 - crossbar; 8 -~ crosspiece; 9 - electric motor; 10 - post;
11 - handle; 12 -~ reducing gear; 13 - spindle with quickly-

replaceable chuck; and 14 - drill.

For driving the pins in or for punching holes, the gun is /174
loaded as follows. Into the muzzle attachment, we insert the spacer

. bushing 8 and two fiber linings 5. Using a wrench, we then turn

the muzzle attachment as far as it will go into barrel muzzle 9,
Into barrel 9, from the side of the breech part, we insert the
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cartridge with charge 11 including the pin (or punch), selected
according to the thickness of the steel which is being punched.
Then breech 12 is also tightened to the hilt with a wrench.

1} 5 [ ;5 2?2 n o0 3 8 7 &6

Fig. 108. Underwater Hole-Punching Gun (UHPG): 1 — lugs; 2-
safety unit; 3 - catch; 4 - spring; 5 - lining; 6 - tripod;
7 - nuzzle attachment; 8 -~ spacer bushing; 9 - barrel; 10 -
frame; 11 - cartridge containing charge and steel pin or
punch; 12 - breech; 13 -~ firing pin spring; 14 -~ firing pin;
15 = hole; and 16 ~ handle.

The assembled barrel 9 is inserted in frame 10 of the gun
as far as the catch, indicating that barrel 9 is in place. (In
Fig. 108, we have shown the load with the pin). At the end of
muzzle attachment 7, we place tripod 6, supporting the perpendicular
position of the pin and preventing it from become skewed. Barrel
9 ig pressed closely against the sheet which is being punched;
using his left thumb, the diver presses on safety catch 2 and with

abrupt pressure from his right hand on handle 16, he quickly
moves the gun frame 10 forward; at this time, firing pin 14 ignites
the percussian cap of the load and the shet occurs,

The pin is ejected from the cartridge and, passing along the
bore of barrel 9, with its pointed end it punches the sheet and
becomes wedged in it.

During the punching of holes in a metal shcet, the firing is
accomplished similarly. The barrels are loaded at the water sur-
face and are lowered to the diver in a readied form. The diver
inserts the loaded barrel 9 into frame 10 of the gun and fires /175
the shot.

The hull repairman's hand tools are quite diversified. These

include a hammer, mallet, chisel, feeler gage for checking clearances,
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various wrenches and so forth. There is nothing special to
be said concerning them and hence we do not include their
description.
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: CHAPTER 9 /176

B REPAIR AND ELIMINATION OF LEAKAGE IN THE OUTER SHIP HULL
¥ SHEATHING UNDER WATER

In the practice of the underwater repair of ships, we are fairly
often required to eliminate the leakage in the outer hull sheathing,
developing from the formation of cracks, pits, disintegration of the
riveted and welded seams, and other damages.

Section 45. Welding Up the Pits and Cracks

In connection with the prolonged operation of ships, in the hull
sheathing and framing, pittings and cavities develop. The depth of
the pits will usually vary in the limits of 1-5 mm. With a thickness
of the sheathing and the walls of the framing profiles more than 4-5
mm, the welding in of the places damaged by corrosion and the filling
of pits are performed without difficulty. If the sheathing thickness
is less than 4 mm, we apply patches or duplicate sheets to the damaged
places.

Prior to the welding, the pits are cleaned out with a wire brush
and are scraped out with a chisel until the pure metal is showing. The
welding in of the pits is accomplished with the same methods as in the
beading of metal. The application of beads is conducted concentrically

in several layers.

The welding is conducted according to the steps shown in Fig. 109.
Each successive bead is made after a careful cleaning of the preceding
one, so that one gradually fills in the cavity of the cleaned-out pit-

ting. The welding is continued until the entire pit space is filled.
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/177
A frequent defect in a hull sheathing is also the formation of

cracks. In the welded hulls, the bulging of the sheets often appears

in the vicinity of the welded joints; this often leads to the formation

of cracks in the welded joints.
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Fiy. 109. ‘Velding of Pits: a- flaw (defect); b~ trimmed-out cavity;
an¢ c- welding.

If the cracks reach to the exterior and are small in extent, they
are calked in wvith a chisel having a rounded side. However, if the t
bulging of the sheets is extensive and the joints have become disrupted,
the sheets are first straightened, the bulge is smoothed out, the de-
fective jcints are trimmed clean, and then they are rewelded. The
welding of a crack is conducted with a preliminary cleaning out of the
paint, dirt, and fouling (barnacles). Depending on the thickness of
the metal, an opening of it is developed, i.e. the chambers are removed

o
at an angle of 30-35 , as in the welding with a V-shaped finishing

(Fig. 110).

If the crack is a through one, the finishing should also be done

all the way through. The welding of such a crack is accomplished sim-

ilarly to the welding of a butt joint. In order that the crack would

not spread, the ends of the crack are drilled out or holes are burned
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:r with the arc (where this can be accomplished). We then perform /178

its dressina and welding-in according to the steps indicated in

Fig. 111. After the welding-in, if possible we perform the final

welding of the crack from the reverse side.
/177

1)

Fig. 110. Steps Involved in Welding in the Defects (of Blind
Cracks): a~- defect; b- dressing; c- welding; and d- incorrect
welding. Xey: 1I) Incorrectly.
Section 46. Welding a Collar Arocund the Rivets /178
The elimination of the leakage in the riveted seams by welding
under water is accomplished more successfully than in air since the
intensified removal of the heat by the water does not cause a heating
of the adjoining sections and does r.ot disturb the tightness of the
contiguous sectors of the riveted joint.
The damaged point is first cleaned of rust, scale and dirt; then
the rivets and edges of the sheet in the damaged sector are built up

with a narrow fillet weld with low current force and an electrode 4 mm

in diameter. The welding around the rivets (Fig. 112) is conducted in
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two passes--i.e. the welder finishes half the perimeter at each pass.

The beginning and end of the weld are extended to the side of the

rivet by at least 5 mm.
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Fig. 111. Diagram Showing the Dressing and Welding in of a Through
Crack: a- dressing; b- welding in; Arabic numbers and arrows indi-
cate the sequence and direction of building up the seams. Key:

A) Final (back) welding.

Fig. 112. Diagram Showing the Welding Around a Rivet.
Section 47. Elimination of Leakage During Loss of Rivets
In case of the loss of an individual rivet without shifting the
sheathing sheets, the tasks are performed in the following order: *the
diver, having searched from the outside along the side of the ship for
the empty rivet hole, cleans it of rust, dirt and marine fouling and
With the plug as a guide, the hole is

inscrts a wooden plug into it.
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found from within the ship and a standard rivet is inserted; the
diver welds around the projecting part of its shank. In addition,
in crder to assure high-quality welding, the rivet is pressed from
the inside against the side. Such a rivet is known as a "false
rivet", since it lacks a second head.

The installation of a false rivet is accomplished in the cases
when the hole's diameter exceeds 8-10 mm. If the holes are smaller,
new rivets are installed and they are "cold-riveted" with hammers.
For this purpose, after the insertion of the wooden plug, the diver
is sent a holder and the rivets and, having replaced the plug with a
rivet, he holds it during the riveting which is done from inside the
hull. If the diver can not manage to maintain the support of the
rivet by hand, he uses a bar.

If there is a shortage of rivets (riveting blanks), a pin (bolt)
is inserted in the rivet hole; this is welded around in the same man-
ner as a rivet.

After the completion of the welding tasks from the outside and
the pumping of water from the compartment or the unsealing of the
welding location, the bolt shank is welded around from inside the
ship hull with low current force in order not to disturb other sectors

of the riveted seam.
/180

The projecting portion of the bolt is trimmed off with a chisel

or with the cutter.

In the event of the loss of several rivets and the shifting of
the holes, we first line up the rivet holes and then we insert the

false rivets.
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In case of a significant shifting of the holes, in the place
of the standard rivet with the round shank, we insert a special
. tapered rivet (Fig. 113) which assures the lining up (matching) of
the holes. From inside the ship hull, such a rivet is pounded into
the hcle with a hammer or sledgehammer. After the rivet has been

seated in place, it is welded around from the outside.

/ .
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Fig. 113. Insertion of Tapered False Rivet.

In case of separation of outer sheathing from the framing and

the divergence of the rivet holes, the diver cleans the holes and the
slots between them of dirt, rust and marine fouling and inserts a
special bolt with a tapered shank and a round threaded part at the
end.

The tapered bolt is driven in with a hammer and the holes are

lined up; then, by turning a nut onto the threaded part of the bolt,

; the sheets are pressed together (or to the ship frame). This work is
performed by two divers (or by one diver and a hull repairman, working
inside the ship's hull).

If the holes have gotten out of line considerably, use is made

of a special mandrel or bar with a tapered point on one end.

From the outside, the diver inserts the bar into one of the rivet
holes, "delivers" the tapered end of the bar or mandrel to the proper
hole in the second sheet or frame and, using it as a lever, brings the
holes together.
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When the holes have been aligned to some extent, from inside a

tapered bolt is inserted or driven into the adjoining hole; with the
aid of this bolt, the rivet holes are lined up and the sheets are
'pressed together. Then the diver inserts the rivets which are struck
until the head spreads, or they are welded around. After all /181
the rivets have been positioned, the bolt is withdrawn and a false-
rivet is inserted in its place.

In the case of extensive defects in the riveted and welded joints,
when it does not appear possible to align the holes or to press the
sheets together, the part of the weakened rivets contiguous to the
defective sector is replaced by false rivets and a patching sheet is
applied to the defective sector.

Section 48. Repair of Small Holes in a Ship Hull

In the case of slight damages to the hull, e.g. from bullets
etc., for temporary repair wooden plugs are utilized. In the event
of many small holes and when opportunity is lacking to install a
patching sheet with the application of electric welding, the diver
takes a set of wooden plugs along when he dives, and he uses them to
plug the holes.
This repair is temporary. Upon the ship's return to its base,
the wooden stoppers are extracted, and the holes are repaired by weld-
ing, with the installation of false rivets, and the application of
patches or cover plates. The choice of the repair method depends on
the actual sizes of the holes and the working conditions.

Section 49. Underwater Repair of Dents in Outer Sheathing
The dents in a ship hull can be of various sizes and often ex-

tend beyond the limit:: of the frame spacings. If a dent extends
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across several successive frame spacings and does not have any rup-
tures, a duplicating sheet is applied. However, if the dent does
not extend beyond the limits of 1-2 spacings, it is repaired from
inside the ship with jacks or from the side with the utilization of
special clamps and bolts.

Repair of the dents is conducted from the ship's side as follows.
From within the ship in the deformed sheet of the outer sheathing,
we drill a hole and insert a bolt. From outside,the diver attaches
a clamp to the bolt; the grips of this clamp rest on the adjoining
frames and a nut is turned on. From inside, under the bolt (to avoid
leakage) a packing washer is installed as well as a steel spacing disk
with a thickness not less than that of the sheathing, which (disk) /182
during tightening of the nut from outside transmits a force over a
large area. The installation of the spacing disk is mandatory; other-
wise, during the tightening of the nut, the bolt will rip out of the
sheet, and a torn hole will be formed. 1In proportion to the tighten-
ing of the nut, the dent is smoothed out until fully removed. The nut
is then released and the device is disassembled.

In the place of the extracted bolt, a rivet is inserted and welded
around. If no rivets, bolts or other stems with a head are available,
before knocking the bolt out, a small patch is prepared which is in-
stalled and welded in place as we have explained below.

Section 50. Underwater Repair of Holes in Outer Hull Sheathing

The repair of holes is the most complex and difficult task requir-

. ing special training of the diver-ship repairmen.
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Preparation for Repair of Holes

The preparation for the repair of holes depends on their dimen-
sions and location. Based on the obtainment of data from the diver's
investigation, a procedure for performing the work is developed.

The first step is to outline with a cutting tool, the area for
removal of the damaged sheets and elements of the framing. This
marking is done on the undamaged sectors of the sheathing and framing
in order to remove not only the ripped sections but also the wrinkled
and bulged elements and creases, the straightening of which is diffi-
cult when underwater conditions are involved. This is established in
each case by proceeding from the actual conditions and the nature of
the damages.

After the marking, the next step is to remove the damaged parts
with the aid of oxy-electric gasoline-oxygen or electric arc cutting
(Fig. 114). 1If these means are not available or the sheathing is not

very thick, the work is done with a chisel.

line of cutting
Z

Fig. 114. Flame Cutting of Damaged Sections of Sheathing According
to Marking, for Sealing a Ship's Hull Prior to Raising (Salvaging).
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Then the surface which is to be covered with a patch or a dup-
licating (cover) sheet is cleaned of marine fouling, dirt and rust,
the hole edges are cleaned or trimmed off with a chisel; the burrs
and rough spots are cleared off. As much as possible, the hole /183
is imparted the form of a rectangular opening to facilitate the sub-
sequent work involved in making a pattern.

Making the Pattern

In principle, the tasks entailed in making patterns (templates)
from the outlines of the ship hull under water do not differ from
similar tasks performed at the surface; however, under water they are
performed under more difficult conditions. It is recommended that
the tasks be performed by two divers working from a scaffold.

Copying the patterns is accomplished by three methods. If the
hole is small, i.e. within the limits of 1-2 frame spacings, copying
the pattern is accomplished with the aid of a lead covering sheet and
a mallet. The sheet is placed on the hole and is pounded around its
edges. Thereby the lead sheet acquires the hull's camber in the
damaged place.

/184
If a lead sheet is unavailablc, the pattern is copied with the

aid of wooden boards and scribers. The boards are pressed in succes-
sion along the perimeter toward the edges of the hole, and with the
scriber, the outline of the hull lines is drawn (Fig. 115). For copy-

ing the outlines in such a manner, at least four boards are needed.

Then on the surface in reference to the marked curves of the hull cam-

. ber, the boards are cut off and a template (form) is prepared with them.
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Fig. 115. Copying a Pattern with the Aid of a Wooden Board.

If the hole is larger than 1 m2, for copying the outlines, use
is made of a special device, i.e. a "comb" consisting of an oak beam
or a metal strip equipped with screws. Into the wooden beam with a
section of 40 X 60 mm and with a length of 1.5-2 m, nuts are inserted,
while in the metal strip, we drill and cut openings with a diameter
from 9-12 mm. Screws are turned into these holes or nuts. On the
ends of the beam or strip, eye bolts are incorporated for suspension
Oon ropes.

Having determined the section from which it is necessary to take
the pattern, we indicate it by using a special chalk to mark the sheath-
ing. The "comb" is lowered on ropes, the diver sets it in segquence
perpendicularly to the sheathing (shown with a broken line) (Fig. 116)
and tightens the screws until they come in contact with the hull
sheathing. 1In such a position, the "comb" is raised. The location of
the screws by their points are transferred to the board which is laid
by its edges against the beam. Based on the transferred points, we
draw a curve for the sheathing's camber in the given section. The
"comb" is then lowered once again to the diver and he repeats the op-

eration in another section. A pattern (template) is prepared from the

curves.
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Fig. 116. Copying the Camber of the Ship Hull Outlines witb the
Aid of a "Comb". The numbers refer to the sequence of copying
the outlines' camber.

Instead of the "comb" for copying the hull's camber, we can use
the "harrow" (Fig. 117) with the aid of which the camber is estab-
lished immediately over the entire damaged surface of the side and not
just for one section. The principle of the "harrow's" arrangement is

the same as for the "comb". A wooden frame (Fig. 118) is made accord-

ing to the measurements derived.

Fig. 117. "Harrow" Device for Copying the Camber of Ship Hull's
Outline: 1- frame; 2- eyebolt; 3- beam; 4- bushings; 5- measuring
bolt.
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Fig. 118. Frame (Pattern) for Preparation of a Patch.
For reliability and the high-quality performance of the tasks, {iags
necessary to prepare a frame in all cases of copying the patterns.
The patch or covering sheet prepared from the pattern is checked and
fitted into place.

In the event that the diver's approach to the damaged side is !
impossible, the copying of a pattern is conducted on the basis of
using a matching part of the undamaged opposite side. A pattern is
also copied for the preparation of the so-called "inserts" in place

of the removed framing elements. If this pertains to the frames, such

"inserts" are often called "false frames" (Fiy. 119).

Fig. 119. 1Installation of "Inserts" (False Frames).
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Installation of Patches and Duplicating Sheets /187

Depending on the nature of the damage, the installation of the
pé tches is conducted with or withcut restoration of the framing. The
duplicating (covering) sheets are installed on teop of the sheets in
the outer planking.

The installation of small patches (up to 200 X 300 mm) does not
present any difficulties. The patch (without a pattern) is fitted in
place and it is provided with a small groove (if the patch is small,
no groove is made). The patch should overlap the edges of the hole
for a distance equalling five times the sheet's thickness, but not
more than 150 mm. Initially, the diver places the patch on clamps,
and then welds around it with the back step or tack-welding method.

The patches with a dimension of about 400 X 500 mm are installed
with pressure against the hull planking with the aid of welding clamps
and oak wedges (Fig. 120). In the remaining places, the patch is

fitted with light blows from a sledgehammer.

&

Fig. 120. Installation of Patch with the Aid of Clamps and Oak
Wedges: 1- ship planking: 2- patch; 3- clamps; and 4- oak wedges.
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Any kind of welding in around through holes in the ship's outer

planking and the weldinyg around patches placed on holes is

conducted

under uniform pressure, i.e. with water pressure being the same both

from outside and inside the hull.

is achieved by the placement of a patch from within

case of large holes, the tasks are conducted with a

ment,

the welding operations.

If the holes are

from which the water is pumped only after the

small, the sealing
the hull; in the
flooded compart-

completion of

/188

Installation of patches with restoration of framing is accom-

plished by two divers, i.e. by a hull repairman and a welder.

The

"inserts" and patches prepared in the shop are carefully checked at

the repair point and carefully fitted.

For making the work easier,

during the fitting and installation the "inserts" and patches are hung

cn rcpes from the upper deck by eyebolts welded to them for this purpose.

The "inserts" are fastened by clamps to the framing of the ship

hull; they are then tack-weldeda and
After the mounting and tack-welding
installed. When conditions permit,
under the water, and they are fully

the installation and welding around

sheet, and the pumping of the water

finally are fully welded in place.

of the "inserts", the patches are

the "inserts" are only tack-welded

welded from within the hull after
of the patch or of the duplicating

out of the compartment.

The patches are made of low-carbon steel with a thickness of not

over 5 mm.

easily be imparted the camber of the ship hull.

on ropes to the diver, is hung on a

a hole-piercing gun, and is tightened with a nut.

It is easy to fit such a patch on the spot, and it can

The patch is lowered
pin welded on or delivered with

Using a hole-piercing
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gun, we then install the remaining pins around the perimeter and in
the holes drilled in the patch. The holes in the patch serve as gquides
for the installation of the pins.

Nuts are turned onto the pins which are positioned and the patch
is pressed against the planking (sheathing). After this, the patch is
tack-welded at first in one or two places and is fitted in such a way
that along the entire edge, the clearance would not exceed 2 mm.
Further, the patch is tack-welded by sections of 10~50 mm each every

300-400 mm and is welded with a back-step weld (Fig. 121).
! 7

8 2 I
’ ¢ b

Fig. 121. Sequence of Tack-Welding and Welding of Rectangular
Patch to Ship Hull: a- sequence of tack-welding; b- sequence
and direction of welding; 1 - 10 = sequence of tack-welding;
and I - X = sequence of welding; the arrows indicate the direc-
tion of welding.

To avoid the application of vertical and especially of overhead
joints, the patches are made triangular, rhombic, trapezoidal or rec-
tangular in form and are installed in the planking (sheathing) in such
a manner that there would not be any overhead welding. The dimensions

of the patches are given in Appendix 24. We recommend rounding the

corners of the patches to avoid the concentration of stresses.
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A method does exist for replacing the overhead welding with

horizontal welding. The gist of this idea consists in welding a bar
(with diameter of 10 mm and more) of rounded or square section (Fig.
122) in advance, along the place of adhesion to the planking, of the

lower edge of the patch or of the covering sheet.

Fig. 122. Welding Around a Patch with Auxiliary Rod: 1- patch;
2- welding seam of rod; 3- welding seam of patch; 4- steel rod;
and 5- ship's planking.
/189
Then on this bar, as on a rack, we install the patch, tack-weld
and weld it; however, the welding of the lower edge has already been
conducted in the horizontal (downhand or semivertical) position and
not in the overhead position. After welding around the patch, the
nuts are loosened and the projecting parts of the pins are cut off
flush with the patch and are welded around.
/190
If there is no chance to perform electric welding on the ship,
a temporary patch is placed on the pins with a rubber lining. 1In
this operation, the nuts are tightened evenly around the perimeter
in order to prevent infiltration of water. The mounting of the patches
on the pins is possible only if the outer planking is at least 8 mm
thick.

The large patches and the duplicating sheets are usually instal-

led under pressure from special cleats. After the installation and
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tack-welding of the "inserts" around the perimeter of the patch or
sheet (regressing slightly from it), we weld bolts to the planking or
we drive pins in with a hole-punching gun. Short strips are hung

on the bolts and they are tightened slightly with nuts.

J

Fig. 123. Installation of a Large Patch with Aid of Pressure
Strips.

The patch is lowered on ropes, is positioned between the bolts
and is placed over the hole. Eyebolts are welded to the patch for
convenience in the work. The initial pressure of the patch against
the ship hull is conducted by one or by twb underkeel slings. After
this, the strips are placed on the patch (Fig. 123) and the nuts are
tightened, with observance of uniform clearance.

One should never try to fit a patch with a hammer. When neces-
sary, under one or two adjacent nuts, we place extra washers and then
conduct the tightening until the required gap is obtained. After
fitting and final compression, the patch is tack-welded and then welded
around. Upon completion of the welding, the strips are removed and /191
the pins and assembly eyebolts are cut away.

The duplicating sheets are also placed over a large hole and

when necessary, the hull is reinforced, i.e. in preparing a ship for

a cruise in the northern latitudes under ice conditions.
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After completion of the tasks, water is pumped from the flooded

compartment and the welding of the framing elements is performed.

The winch and other equipment are put away only after checking the
compartment for leakage and the correction of all defects detected.

The metal patches are mounted on a rubber lining. The technique
and sequence of the procedures are the same as in the installation of
the temporary patches. Other methods also exist for installing the
patches and duplicating sheets but they are merely modifications of
those which we have described.

Devices

The devices for the accomplishment of the hull repair tasks
under water are the same as those utilized at the surface. In under-
water ship repair, use is made of the all-purpose device, the "fish's
tail” and a clamping device for large patches and cover sheets.

The "fish's tail" device is utilized for fastening, compressing,
and straightening the planking sheets of the hull. When necessary,
the support part of the device is tack-welded by electric welding
to the hull planking or it utilized as a clamp without welding the

support part to the planking sheet (Fig. 124).

Fig. 124. Utilization of "Fish Tail" Device for Compressing the
Framing Elements to the Planking without Welding the Support: 1-
support; 2- housing of device; 3- nut; 4- screw; 5- support; 6-
guiding strip; 7- small clip; 8- clamp; and 9- wedge.
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In the installation of large patches with a measurement of
1500 X 2000 mm or of cover sheets on smooth sectors of the ship hull,
, *we use a special pressurizing unit (Fig. 125). This clamp consists of
two guiding angle pieces 1, tack-welded to the planking parallel to
one annther along both sides of the hole, and of a mobile strip 5 with

slides 2 and clamping bolts 4 with linings 5.

I
il

Fig. 125. Clamping Unit for Large Patches cr Cover Sheets: 1-
guide corner brackets; 2- slides; 3- strips (linings); 4- clamp-
ing bolts; 5- mobile strip; 6~ cover sheet; and 7- planking.
Key: a) View A.

{
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|
|
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After the delivery of cover sheet 6 and its initial compression
by the underkeel slings, between the sheet and the corner guide brack-
etsl, there is inserted the mobile strip 5. Having determined the
location of the mobile strip and having placed the slide blocks a
along the edges of the patch or of the covering sheet according to

“their dimensions, the diver tightens the boclts 4. i
Depending on the dimensions of the patch, for its uniform fit-

"ting against the hull's sheathing, we apply 2 - 3 moveable strips.
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After the fitting, we perform the tack-welding and a subsequent weld-

ing of the patch.

Section 51. Connection of Framing with Sheathing and Welding
the Sheets of Great Length

In the underwater repair of ships, it is often necessary to
weld sheets of the outer planking to the framing elements of the ship
hull. The welding of the planking to the solid elements of the fram-
ing (the stems, keels) presents a definite difficulty, since the
planking (sheathing) is relatively thin.

The tasks involved in the replacement of a damaged sheet of the
outer planking begin with its removal. The framing is then cleaned
of dirt and scale. According to a sketch or template taken from
the opposite side, a new sheet is prepared. The fitting and instal-
lation of the sheet is achieved by one of the accepted methods, de-
pending on the location and dimensions of the sheet. The new sheet
is tack-welded and then welded.

The welding is conducted with uniform melting of the metal in
the framing and the sheet of the planking. For this purpose, the
electrode is held longer on the framing than on the planking. The
side of the fillet weld incident to the sheathing would be smaller
than that incident to the stem or the keel.

For an improved adhesion of the sheathing to the bar keel or to
the stem, we recommend the use of electric riveting (Fig. 126).

The welding of sheets longer than 700 mm is conducted by two

divers. 7Tt is necessary to install the sheets with allowance for
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subsequent shrinkage. To avoid the overlapping of the sheets onto
one another, the beading of the sheets is conducted. The welding is
done by sections with observance of a definite sequence of building
up the joints (seams).

During the welding of bilges (and in a sunken object--of the
bulkheads and decks during their sealing) and of the sheathing of a
ship hull, the build-up of the seams is conducted intermittently or
in a back-step sequence (depending on the actual working conditigggz.

The welded joints are so arranged that they are separated from

the frames by a distance equalling one-third the length of the frame

spacing.

Fig. 126. Welding of Sheathing:
a- to the bar keel; b- to the stem; 1l- electric riveting;
2- stem; and 3- sheet of outer planking.
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Fig. 127. Sequence of Applying Seams in Replacement of Several
Sheets of Outer Planking: the letters a, b, ¢, 4 and e refer to
the order of assembling the strakes; the Roman numerals I - IX
indicate the sequence of welding the joints and slots; the Arabic
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numbers 1-7 signify the order of building up the seams in the
joints or slots. Key: a) beginning; b) beginning the welding of
longitudinal seam No. 1.

In case of the replacement of several sheets of the outer sheath-
ing, in the adjoining strakes or in the installation of the covering
(duplicating) sheets, we first perform the assembly and tack-welding;
only after this do we perform the welding of the joints in staggered
order and then the welding of the sheets in each strake with one an-
other. The general direction of the weiding is from amidships toward
the ends of the ship, or from the diametral plane (DP) towards the
sides. We have shown in Fig. 127 the order of applying the seams in
case of replacing several planking sheets in the adjoining strakes;
with the letters a, b, ¢, d and e we have indicated the order of
assembling the strakes, with Roman numerals, the sequence of welding
c¢f joints and grooves, and with Arabic numbers, the order of applying
the seams in the joints and grooves. The beginning of welding of
the longitudinal seams has to be performed in a direction away from
the joint.

Section 52. Underwater Concreting

Concreting is conducted only when there are no other means on
the ship of repairing the holes, and it is situated in autonomous
conditions. Two methods exist for sealing a ship hull with concrete.
Treating with concrete in the drained compartments, i.e. after the
closing of a hole with a hox-type patch, is accomplished in the same
way as at the surface. 1In this instance, the diver places the box-
patch; water is pumped out of the compartment; a mold is built around
the hole, and a drainpipe is installed for pumping out the incoming

water so that the concrete would not be washed out.
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- The method of underwater concreting, known as VSP (vertically
shifting pipes) has been developed by Prof. V. I. Dmitriyevskiy.. The
gist of this technique consists in the idea that ahead of the pouring
location, the concrete would remain isolated from the water and would
not be eroded. For this purpose, use is made of a pipe with a re-
ceiver at the top, having conical buckets with an opening bottom or
a concrete pumping arrangement.

The place where the concrete is to be poured is cleaned of dirt,
rust and oil; the hole is backfilled with sand-filled bags or with
iron bars, upon which we place coarsely-woven cloth in layers, or
sand bags, or a wooden box-patch, and then the wooden form is installed.
After this, a pipe is lowered, and through it, the mixed cement is de-
livered. The pipe is moved parallel to itself and the cement layer
is distributed over the damaged section of the sheathing. The pipe's
end is buried in the cement so that in case of an interruption in the

supply of concrete, water would not get into it (Fig. 128).

Fig. 128. Concreting Under Water: 1l- pipe for delivery of con-
crete; 2- layer of concrete; 3- layer of sand; 4- cinders; 5-
sand bags; 6- hole; 7- form; and 8- side of ship.
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As the concrete settles, the pipe is raised. The concrete is
** delivered immediately for the entire height intended, thus covering
the hcle and the undamaged sections of the sheathing. The corcrete
. is carefully levelled out and puddled so that no air holes would remain.
In case of the underwater concreting, use is made of the aluminiferous
or fast-hardening brand 400 or 500 Portlanéd cement; sometimes we add
calcium chloride (2-10%) or liguid glass to it. The composition of
the concrete is: 1 part cement, 1 part gravel and 1-2 parts sand.
The dry mixture is diluted with fresh water to the consistency of
thick paste. To each 10 buckets of cement, we add 6 buckets of fresh
water.
1 After the concrete has hardened, the water is pumped from the
compartment. Among the advantages of underwater concreting, we should
incluée the simplicity of performing the work. The concreting can be
done by manual means under autonomous conditions and does not require
the application of power. A disadvantage of the concreting is the
slow (5-7 days) setting, considerable weight and brittleness of the
cement finishing. In the operation of the engine and of other mech-
anisms, the ship's hull experiences continuous vibration, leading to
the settling and chipping of the concrete.
Section 53. Repair of Wooden Hull While Afloat
A wooden hull is rarely repaired under water and at the detec-
tion of water leakage, one is limited to the temporary installation
of metal covering plates.
After inspecting and cleaning the sheathing seams, the diver
tamps down the old calking and tightly calks the defective seams with

unravelled strands of tarred rope. The prepared rolls of rope /197
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are lowered to the diver in a net or a weighted bucket. The hammer
is tied to a winch or to the diver, and a metal holder is made on
the handle.

Leakage through the hull is sometimes detected from the outside;
for this, the diver is lowered a sawdust-filled bag; he scatters the
sawdust near the place which has been repaired. If leakage has been
left, the sawdust will be drawn into the seams in the sheathing.

This technique is utilized in the diver's inspection of a wooden ship
hull for leakage. If the filtration of the seam is slight, the saw-
dust plugs the openings in the seams; it then expands, and promotes

a reduction in the leakage.

If the filtration is extensive, we install thin metal covering
plates (1.5 - 3 mm). The sheets (plates) are trimmed in accordance
with the previously taken measurements and are fitted by pounding into
place. Holes are drilled or punched along the perimeter of the sheet.
The fitted sheet is then painted or puttied with a red lead paste
and is painted on the exterior. After this, according to the sheet's
size, one takes heavy cloth impregnated with red lead, dries it in
the air and sticks it to the covering sheet.

The sheet with the cloth lining is lowered to the diver and fast-
ened to the faulty section of the sheathing to the wooden hull. Nails
are driven around the perimeter of the covering plate in staggered
sequence at least 40 mm apart. It is necessary to see to it that
the nails are pounded into sound sections of the sheathing and that
they hold tightly in it. The inspection for the leakage is conducted

by the conventional method.
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CHAPTER 10 /198

INDIVIDUAL TASKS PERFORMED ON A SHIP'S HULL UNDER WATER

Secticn 54. Welding on Ship-Hoisting Lugs Under Water

In the ship salvaging (raising) practice, use is made of the ship-
hoisting lugs having a lifting capacity of 80 and 100 tons; they serve
for the attachment of slings to them.

The lug (Fig. 129) consists of a main sheet or base of trapezoi-
dal form with openings for receiving the electric rivets, two knees
(brackets) and reinforcing ribs into which a plug is inserted for at-
taching a cable and a guide roller.

The place for welding the lugs to the ship hull is chosen on the
basis of the design calculation, with allowance for the framing strengtl..
It should not have dents, breaks or riveted seams. The site for attach-
ing the lug is carefully cleaned and the base of the lug is given
the camber according to the hull's generatrix (based on a template).
Before installing the lug, at the location of the base's lower edge,

a bar is welded on, as is the practice in the welding of patches.

The lug is hung on pins or bolts previously mounted oxr welded to
the ship's hull and then tightened against it with bolts and clamps.
After this, the lug is tack-welded in sections every 30-40 mm, and
is then fully welded with a back-step seam along the base's perimeter
(Fig. 129).

Welding a lug with a lifting capacity of 80 tons is conducted

with a dual seam, with cleaning of sleg and spattering, while the
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lug with 200 ton capacity is made with a triple seam. The first seam
is applied with electrodes having a diameter of 4 mm while the subse-
quent ones are made with electrodes 5 mm in diameter.

To increase the welded joint's perimeter, in the lug's base there
are 8 openings for inserting the electric rivets which are welded
only in the lower half (Fig. 129, eross-hatched). The overhead and
semi-overhead joints are needed only for technical reasons and do not

enter the strength calculation.

Fig. 129. Ship-Hoisting Lug: 1l- main sheet (base); 2- reinforcing
ribs; 3, 4- brackets; 5- plug; 6- rolls; 7- opening for electric
rivets; 8- retaining unit; n; - n_. = sequence of tack-welding the

5
lug; and Zl - 214 = welding sequence.
Section 55. 1Installation of Coamings Under Water /200

In performing the ship salvaging activities, it is sometimes
necessary to weld coamings to the ship hull; these serve as a base for

the shafts, cofferdams and the like. A hole is cut in the ship hull
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for the installation of the coamingsg, bases of shafts and other parts.
Based on the pattern made, the coaming's end is imparted the configu-
ration of ship hull camber in the place of its (ilhe coaming's) instal-
lation, with a slight tolcrance of 50 - 100 mm. The coaming is then
lowered to the diver in such a way that its upper flange would be
horizontal. The coaming is lowered onto the ship hull and the diver
fits it into place; using a marking gage, he outlines the hull camber
on the coaming.

According to the marking made by the diver, the coaming is
undercut at the surface; it is suspended on a rope and the diver in-
stalls it in place. It is desirable that this work would be conducted
by two divers--by a hull repairmanr who makes the fitting in place and
installs the ccaming, and by a welder who performs the tack-welding
and the complete welding with a permanent continuous seam.

To avoid bucklings, the welding of the coaming is conducted al-
ternately by sectors, with use of a back-step joint. Around the out-
side perimeter, we apply two fillet welds, while around the insida
one, we apply one weld. If on the outside, the welding has been con-
duc+ed from right to left, around the inside periieter the welding
is performed in the opposite direction.

Section 56. Removal of Damaged Sections During Underwater
Conditions

The separation of damaged sections is conducted when eliminating
leakage, installing plates and patches on a hole in the hull's ex-
terior sheathing, and so forth. Along the intended line of cutting,
we clean the section of the exterior sheathing of marine fouling and

paint for a width of 20-30 mm. Then to the ship's side along the
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proposed cutting line, we fit and weld a guiding strip or template,
and the cutting of the damaged components is performed.

If there are major damages having caused the collapses and dis-
ruptions of the systems (e. g. as a result of an explosion), we con-
duct a gradual cutting and removal of the individual pieces of the
damaged parts, preceded by attachment of ropes. At this time, the
diver's work is monitored continuously.

If it is not possible to attach a sling to the part being cut
off, two holes are cut in it; through these, we run a cable fastened
at the surface. First we remove the exterior pieces and then we grad-
ually reach the parts located on the inside (within) the compartment.

Section 57. Dismarntling (Disassembling)} the Sunken Ships
for Metal

The dismantling of sunken ships for metal is the most complex of
such tasks under water. The ship designs consist of various profiles
(including molded ones) and of diversified sections (plates, channel
irons, angle brackets, zee-beams, flat iron, packets etc.).

If the object is large, it is first separated into sections by
blasts from a charge having a cumulative effect. We sometimes use
combined dismantling, i.e. the combination of fire cutting with explo-
sions. In this case, using explosions we break down the longitudinal
and transverse connections and other elements of the framing (beams,
bulkheads, stems etc.), while with oxyelectric or gas-oxygen cutting,
we disassemble the floors, decks, side sheathing, and so forth.

The cutting is done first in the places which are difficult to

reach. The cutting line is drawn in such a way that during the
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removal of the part, the length and number of cuts would be minimal.
For drawing the hoses through and for the diver's access, the cutting
of holes in the sunken ogject is performed first.

Thé cutting sequengé is selected so that the parts bcecing removed
can be hoisted readilyfto the surface and so that they would not fall
cnto the diver-cutter, and would not damage his air line and signal
rope.

Since duriﬂg oxyelectric cutting, a large amount of gases is
released (hydxbgen, oxygen, methane etc.), forming an explosion-prone
mixture, ventilation is required during operations in closed compart-
ments. Fpr this purpose, in the upper levels of the compartment, a
hole is/éut and air is supplied via a hose, or a gas-diverting hose
cbnneé;ing with the surface is furnished.

If the compartment design requires the performance of /202
cutting in all the spatial positions, we conduct the cutting first
in the downhand, then in the vertical, followed by cutting in the
overhead position. With such a sequence, the dismantled and weakened
joints will always be located below the diver.

The cutting conditions are chosen on the basis of the maximum
section of the element which is being cut off. During the cutting
of round sections (e. g., of the propeller or intermediate shaft, of
the davits, etc.), the head of the cutter or electrode is set at an
angle of 20-30° to the surface which is being cut and when possible,
the part is turned. 1In case of the multi-tiered disassembly of ships,

the general direction chosen is from above downward, while inside the

compartments, it is mandatory to cut from below upward.
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Section 58. Taking the Ordinates of Ship Hull Outlines While
Afloat

In the event of the absence of a dock or theoretical sketch of
the hull, for framing in the space between the double bottom, it is
necessary tou restore the drawing of the dock operation by way of taking
the ordinates of its hull outlines in the places of the proposed loca-
tion of the spacings between the double bottom while the ship is
afloat.

The essential idea of the method is that, placing a beam (bar)
under the keel in the marked section of the ship hull and having
adopted it (the bar) as a base, we conduct measurements of the dis-
tance of its points from the sheathing (the ordinates) in the previously
marked sections of the hull. Measurements of the ordinates in the
underwater porticn of the ship hull are conducted by the diver.

Devices for Plotting the Ordinates of the Hull Configurations

For plotting the ordinates of the hull's submerged part while
the ship is afloat, we utilize: an underkeel beam, wooden rods,
sounding rods, measuring rulers of varying length, ballast and a steel
cable with a diameter of 8 mu for positioning the beam.

The underkeel beam (Fig. 130) is a sectional cruciform rigid unit
made of four pine or fir beams with a section of 90X100 mm, held to-
gether by nails or spikes. The beam's length is chosen in relation-
ship co the width of the ship hull's cylindrical part. With a hull
width up to 10 m, the beam is made shorter by 1 m than the ship, while
with a width greater than 10 m, the beam is made shorter by 2 m. /203

Eye bolts are screwed into the ends of the beam. The top edge of
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the beam is planed and the beam is coated with a light waterproof
paint; in the middle a mark is made with dark paint, corresponding

to the diametral plane (DP) of the ship. In order that the beam would
have negative buoyancy, ballast is attached to it, divided evenly

over the beam's length.

Fig. 130. Underkeel Beam for Taking the Ordinates of Hull's Con-
figuration: 1~ rods; and 2- beam.

The rods with a measurement of 250X40X15 mm are made of pine
boards, are planed, coated with a light waterproof paint and are
then nailed on in line with the mark on the underkeel beam, symmetri-
cally along both sides from the DP mark. The rods' upper edge should
be flush with the beam'’s top edge. The rods act as guides in the ap-
plication of a measuring ruler during the conduct of the measurement
and establish the positioning of the ruler. For each actual case,
the location of the rods along the beam differs, und is determined
by the ship's measurements.

The measuring rules are made of oak with a section of 40X20 mm
and lengths of 1, 2 and 3 m. They are utilized in the measurement
of the ordinates. The rules are painted with white enamel or light
waterproof paint and divisions are calibrated on them with black paint,
sufficiently clearly so that the diver can distinguish them well under

water. The marks are spaced 1 cm apart.
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The sounding rods of the conventional measuring type serve for
determining the ship's draft. Divisions are marked on the sounding
rods at intervals of 1 decimeter. The last meter has a division /204
value of 1 cm. Use is made of sounding rods of four component alum-
inum pipes with a total length up to 8 m. Each link is connected
with another spring lock, while the lower one has a supporting clip.

The channels are utilized for determining the longitudinal bend-
ing (sag, deflection) of the ship's hull.

Measurements of the Ordinates of Hull's Configurations (Outlines)

To prepare for taking the measurements, we draw up a sketch of
the cells' location (spaces between double bottoms) in respect to
the ship's length and width. Then, in accordance with the sketch,
the marking is transferred to the ship's outer sides. Using a tape
measure, the distances are measured between the bow and stern with
small weights and in the places of installing the cells, as well as
between the cell's axes. The boundaries of the cells (Figqg. 131}»are m
then marked.

The location of the cells along the ship hull is chosen so that
they would occur in the watertight bulkheads or in the side trans-
verses. The ship's contours influence the choice of the cells' loca-
tion. The cells' boundaries should be so chosen that their curved
(molded) parts would not be too high. The marking on the sides is
done with black paint in two places: at the effective waterline, on

the bulwark or the sheerstrake.
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Fig. 131. Marking of Ship Sides for Measurements of the Ordinates:
3, 14, 26, 35, 42, 51 and 60 -~ places for installing the waterproof
bulkheads or the side transverses; I - VII --places for installing
the cells; A - measurement from bow weight to axis of cell I; B,

C, D, E, F and G = distances between cells' axes; H = distance

from stern weight to axis of cell VII; a, b, ¢, - ordinates; x =

= distance from DP to the first ordinate (to the interior section

of the cells).

At the places of measurement, the diver cleans the sides and the
bottom of marine fouling and mollusks. The underkeel beam, suspended
by eyebolts and having rods nailed to it, is lowered on ropes. The
diver aligns the DP mark on the underkeel beam with the ship's DP and
sets it in a horizontal position. If the ship has a flat keel, the
DP is found by dividing its width in half.

The underkeel beam's horizontal position is checked by measuring
with the rule the beam's distance from the outer sheathing at an
equal distance from the DP. Having added up the figures .obtained and
dividing them in half, the diver issues the order to pay out or to
kaul in the cable on the right or left side.

After the beam has occupied a horizontal position, the supporting

ropes ar2 anchored and the diver measures the ordinates. The measuring

rule is used from over the side. If the measurement of the ordinates
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is made on the right side, the rule is laid against the rod from the
right-hand side, while during the measurements of the port ordinates,

the rule is laid against the rod from the left-hand side (Fig. 132).

Fig. 132. Measurements of Ordinates: x- distance from DP to

first ordinate; xl— distance to second crdinate, equalling X + 500,
Key: a) correctly; and b) DP

Successively placing the rule against the rods and leaning it
against the sheathing, the diver makes the calculations in centi-

meters and reports the findings by telephone to the works superinten-

dent, who records these data in a table. /206
No. ?g; gﬁliibs Section E Ordinates Distance
in heads) and i ©of ! a b ic ;?from

.
seriep 11 . cell
E

1 cell, frame ' Bow

Noe & o . . Stern
2 cell,frame

DR | ]

In each section, there should be at least three measurements per

1

2

side. After the plotting of the ordinates in a given section, the
underkeel beam is moved to the next place for making the measurements,
and the entire cycle is repeated. Thus, by means of a sequential dis-
placement along the hull of the ship, we obtain the ordinates in all

of the indicated points of the cells' framing.
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Fig. 133. Position of Rudder Fin Below Base Line.

In order to avoid repetitions in the operations of the alignment
and horizontal positioning of the underkeel beam, in each section marks
are drawn or attached on the ropes at the level of the upper deck's
forming angle. If in proportion to the advancement of the underkeel
beam from the stern to the bow, the draft of the ship varies, the
presence of marks simplifies greatly the placement of the beam in a
horizontal position, since in this instance, the beam's position can
be judged according to the difference in the height of the mark's lo-
cation on the ropes.

In the event that the propeller screw or rudder fin is located
below the base lirne (Fig. 133), this is taken into account in the
measurements. The mechanical addition of the draft h to the ordinates'
measurements is permitted only if the vessel is standing on an even
keel. Therefore we initially establish the vessel's trim difference,
then the draft amidships and under the rudder fin or the propeller
screws, and only then do we compute the actual draft, with allowance
for the trim difference correction. /207

This work is performed in the following manner. The underkeel
béam (with a length 1 meter greater than the ship's width) is brought
under the middle and is placed in a horizontal position. Using a
sound gage, we then measure the ship's draft amidships, i.e. we

measure the distance from the underkeel beam's upper edge to the
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effective waterline. Measurement of the draft is accomplished from
both sides; the results are combined and divided in half.

The underkeel beam is then introduced under the rudder f£fin,
levelled with the sounding gage; measurements are taken and the draft
is determined. From the data derived, we subtract the amount of the
draft amidships; from this result, we subtract (when there is trim
difference at the stern) or add (in case of trim difference at the
bow) the value of the trim difference. The trim difference is found
with the formula:

a=C sin «,
where a - the value of the trim difference in linear units; C = dis-
tance from amidships to the stern (or bow) weight; and & = angle
based on readings from a trim difference gage.

In this manner, the final result will comprise the value h of
the vessel's draft, which should be added to the ordinates plotted
while the ship is afloat, in the compilation of the dock drawing.

Measuring the Deflection (Sag) of the Ship's Hull. 1In case the
ship keel has an elevation above the base line, i.e. does not coin-
cide with it and has a sag (camber), we should make the appropriate
corrections to the plotted ordinates. For measuring the sag, channels
are welded to the bow and stern ends of the ship along the diametral
plane (DP). The channel's length should be chosen from calculating
its draft below the base line by unot less than 400 mm.

Having established the ship's draft at the middle, marks are
made on the channels corresponding to the waterline and to the base

line; then, in previcusly drilled holes 6~8 mm in diameter (below the
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base line by about 300 mm), a cable line 0.5 mm in diameter is ex-
tended between thc channels. One end of the line is attached to
the channel while the other is run through the hole in the second
channel, and a weight is hung on it to create tension.

Marks are made on the hanger cable corresponding to the cell
walls, after which (using a measuring rule) we measure the ordinates,
i.e. the distances between the hanger and the ship's keel. The
measurement data are reported by the diver by telephone to the works
superintendent and are also logged in a table. The measurements are
conducted only in the places marked on the hanger and in the places

where the transverse ordinates were plotted. (Fig. 134, a).

Des N, I
[ ; 7
Q 5 66 b6 sliﬁ b 5____..,—%
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Fig. 134. Determining the Sag (Camber) of a Ship's Hull (Plotting
of Longitudinal Ordinates): a- marks for plotting of ordinates;

b- measurement of cable's sagging; § -~ marks on hanger; 3-- gl...
etc.~--amounts of hanger's sagging. Key: T) waterline.

After this, the hanger cable is removed and pulled upward. For
the further work, we select a smooth area, level if possible. 1In
this area, we drive two pillars into the bottom, separated by a dis-
tance equalling that between the channels. Then, in accordance with

the marks on the hanger, the supports are driven in between the pil-

lars. In reference to the water level, the base line is drawn on the
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pillars and supports. After this, a line is run similarly to the way
this was done under water (Fig. 134, b). The suspended hanger will
yield the natural sag, which is measured relative to the markers of
the base line on the supports.

In this manner, we determine the correction {for the wire's sagq)
to the longitudinal ordinates taken by the diver. The true value of
the ship keel's elevation relative to the base line is determined /209
by subtracting the values for the ordinates of the wire's sagging fromn
the pertinent values of the longitudinal ordinates.

The accuracy of plotting the ordinates will vary within the
limits of 20-30 mm from the true dimensions; this is quite adequate
for the framing of the cells and for placing the ship in dock. It is
advantageous that during the drydocking of the ship, the docking op-
eration be supported by the divers who have measured the ordinates of
its hull outlines while the ship was afloat.

Section 59. Supporting the Docking Operations

The placement of ships in dock is a very responsible operation.
In addition to equalizing the listing and the trim difference and
positioning the ship precisely according to the weights, of great sig-
nificance is its moment of equilibrium on the keel blocks and cells.
Inaccuracy in the height of an error in the curvature of the molded
surface of the assembled cell (space between the double bottom) can
lead to damage of the ship's hull.

Therefore the operations involving the docking maneuvers are
supported by the divers. They see to it that during the placement of

the ship, the dock framing would not be damaged by the projecting parts
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of the exterior equipment on the ship; they also monitor the balancing
of the ship on the keel blocks and cells, and assure the coincidence
of the axial line of the dock's keel track with the ship's diametral
plane (DP). 1In case of the detection of a displacement of the ship's
keel relative to the keel block's center line, or to the listing or
trim difference, disruptions of individual cells, the collapse of
beams (blocks) on the keel blocks and other discrepancies, the diver
gives an immediate telephonic report to the dockmaster at the surface.

The dockmaster halts the pumping out of the dock (or stops the
emersion of the floating dock) and adopts measures for eliminating
the shortcomings which have been revealed. 1In the event that in iso-
lated places, the molded part of the cells does not reach as far ac
the sheathirg {in the limits of 20-40 mm), the diver inserts wooden
blocks and wedges, or chops off the projecting parts of the beams with
an ax. When necessary, the ship is removed from the dock and the dock
framing is repaired.

As soon as the ship rests on the keel blocks and cells, and the
diver is convinced that nothing is interfering with its placement, he
comes to the surface without waiting for the drying of the dock's
building slip (berth). During the tandem placement of ships /210
in dock, the divers monitor the balancing of each ship on the cells
and eliminate the deficiencies found, reporting thém to the surface.

During the removal of the ship from the dock, the diver support-
ing the docking operation sees to it that the beams (bearers) of the

cells or of the keel blocks would not catch on the hull, and that the
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dock framing would not be damaged. 1In case of detecting the catch-
ing of beams on the hull or the finding of other difficulties, the

docking operation is halted and the diver frees the ship of extran-
eous objects. The diver comes to the surface only when the ship is

removed from the dock.
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CHAPTLER 11
UNDERWATER CLIEANING AND PAINTING
Section 60, Cleaning of Surfeces Under Water

To a considerable extent, the quality of underwater paint-
ing depends on the preparation of the surface, primarily on the
quality of the cleaning. Therefore we should devote special at-
tention to the questions involved in cleaning. Cleaning the
surfaces (removal of marine fouling, dirt, rust, oil, old ac-
cumulated paint) under water is performed in the same way as in
the dock., In this regard, we should take into account the consi-
derable laboriousness of these tasks, the difficulty of techni-
cal inspection, and the poor visibility under water attributable
to the turbidity rising during the cleaning process and float-
ing around the work site,

The methods of cleaning under water are fairly diversi-
fied:

-—cleaning with the aid of mechanical devices;

--maunual cleaning with the aid of scrapers, brushes, wire

brushes (flat and end-type); for cleaning a wooden hull, we use
brushes made of seaweed or of rice roots;

-=removal of old paint and rust with the aid of blunt ham-
mers or chisels; and the burning off of the old paint and rust
on the metal hulls of ships with the aid of a flame from gas

(at slight depth of the object being cleaned) and gas-oxygen

burners; usually, the burning—-off is accompanied by a subsequent
mechanical cleaninyg of scale and burut-off paint from the surface.

The flame-type cleaning of the hull is used in the cases
when mechanical cleaning proves inadequate, For the flame=-type
cleaning when the depth of the object being cleaned is up to
3 meters, we use the multi-flame burners, the so=called "combs".
In the utilization of gas~fed cutters for burning off the cld
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paint, it is necessary to cut off the supply of cutting oxygen
or to close the cutting oxygen valve in the cutter head.

During the fire~type treatment of the surface, the burner
s must never be held for long in one place, otherwise burning-
through would occur. Nor do we recommend holding the cutter head
too clogse to the surface. The diver should see to it that he

burns (turns red) only the scale and old paint.

The cleaning of the metal surfaces is conducted if possible
until the surface has a metallic luster; one must not leave
traces of dirt, grease, scale or loose paint, while during the
cleaning of wooden surfaces, one must avoid leaving traces of

algae or shells.

In spite of the generally increased difficulty, the clean-~
ing under water can be accomplished more easily, because the
shells and rust or paint (being wet) can be separated from the
hull more easily than at the surface. The cleaning should be
performed only in a clean basin not contaminated with petroleum

products.
An excessively long time delay should not occur between the ]
completion of the cleaning and the beginning of the object's 1

painting, since the surface would again begin to become rusty.

The most popular method of cleaning, in case of the under-
vater conditions, is mechanical e¢leaning with the use of wire
brushes, with mechanical impact-centrifugal devices of special
design and with air hammers. The use of the other types of
mechanical cleaning of a ship hull, i.e. sand-blast and shot-
blasting, is not feasible when underwater conditions are involved.

The triple air hammer is designed to remove rust, scale and
old paint (Fig. 135). The presence of 3 heads increases its out-
put considerably. As a whole, as compared with manual cleaning
of a surface, its processing with the triple air hammer increases
the productivity by 5-8 times, and greatly facilitates the
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operator's work., The technical specifications of the hammer are

“_
.
L

listed in Appendix 25.
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Fig. 135. Triple~Head Air Hammer: a, b, 4, f--channels;
¢ - annular chamber; e - upper chamber; 1 - faces; 2 - frame;
3 - cover; 4 - pipej 5 -~ coupling; 6 - bypass pawl; 7 -~ by-
pass coupling (lever); 8 - spring; and 9 - sleeve.
The triple~head air hammer consists of frame 2 and of 3
faces, 1, a pipe 4, and a bypass coupling (lever) 7 serving for 4?

controlling the supply of compressed air to the hammer.

Frame 2 has 3 channels along wvhich compressed air is fed to
the cavity in which the hammer faces (strikers) move. Strikers
1 have radial ducts a and b, and a longitudinal central channel
¢, serving for the passage of compressed air.

To assure uniform wear of the working surface during the
work, strikers 1 are given a slight rotary motion, which is pro-
vided by shifting radial ducts a and b,

Starting the hammer is achieved with the aid of the bypass
coupling 7 (starting lever), which is turned by 1/2 - 3/4 of a
revolution. At this time, the slots in coupling 7 line up with
the channels in the bypass pawl 6, and air passes through pipe
4 to frame 2 of the head.
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Along the 3 channels, f, in frame 2, compressed air enters
the annular chambers c, formed from the annular slots in frame
2 and ‘the body of the strikers, 1. Under the effect of the com=
pressed air fed to the annular steps, strikers 1 move upward,
forcing the air from chamber e through the central chamber d
connecting with the ambient atmosphere (medium) by the radial

channels a and b,

The rising of strikers 1 will occur until the radial chan-
nels f, i.e. they reach chambers c. The air will advance further
through the central chamber d to chamber e, creating pressure
and causing the downward motion of the striker, once again up to
the time of connection of the radial ducts a and b with the sur-
rounding atmosphere. Thus, owing to the presence of the bypass

channels, strikers 1 act as unique slide valves.

Strikers 1 will move downward by {faertia until their kinetic
force has been spent; in this connection, they strike the sur-

face subject to cleaning.

As soon as the pressure in chamber e is balanced with the
ambient pressure, the cycle is repeated, i.e. the compressed
air in the annular chamber ¢ once again begins to press against
the projections of the strilers and to move them upward, etc.
In this manner, during the work process the strikers accomplish

a reciprocating motion.

The design is fairly simple and usually no particular diffi-
culties develop in the work. One need only take cere of the
hammer carefully and lubricate it at least twice weekly, since
otherwise corrosion can originate. As the strikers become worn,

they should be replaced.

In working with the triple-face hammer, one should have in
mind that for slight thicknesses it is inapplicable since there
is a danger of damaging the sheathing.
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Clustered Air Hammer. lor rough surfaces, for working in
difficult% accessible and inconvenient points, use is made of
the clustered hammer (Fig., 136). It is used for knocking off the
old paint, rust, scale and so fcrth.

The clustered hammer consists of a frame 1, striker 2, a
tapered bushing 5, and of an insert 3. The head (frame 1 and
striker 2) is equipped with a cluster of rods 6, inserted into
grid 4 and of a lever, consisting of the bypass coupling 11, with
bypass pawl 10 inserted in it, Frame 1 is equipped with the
threaded cap 7, guarding against the accidental loosening of the
annular spring-type plug fastened with. pin 8.

For imparting direction to the rod cluster, use is made of
bushing 5, while grid 4 protects rods 6 from falling out. Similarly
to the faces of the triple hammer, striker 2 has central and radial

channels permitting the passage of compressed air,

When it is necessary to lengthen the lever to the welded-on
support on frame 1, an extension pipe is screwed onto the thread;
in this way, we are able to derive a modification of the cluster-
type hammer, similar to the triple~head one (see Fig. 135). 1In
this case, the hammer becomes convenient for working in narrow
confines and in other places where access is difficult,

The hammer is started by turning the bypass coupling 11; at
this time, the coupling slots line up with the ducts in the by-
pass pawl 10, while spring 12 holds the coupling in the prescribed

position.

The .ompressed air arrives at frame 1 in chamber b, formed by
the frame cylinder and by the body of striker 2, The compressed
air presses on the annular lug of striker 2 and forces strikers
2 to move upward. The air occurring in the upper chamber a is
forced out of it and, passing along central channel ¢ and the
radial channels d and £, it connects through the lower chamber g
and the outlet holes e with the ambient atmosphere (in our case,
with the surrounding medium). The motion of striker 2 is
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reciprocating and is achieved under the effect of the compressed
air which passes from chamber b into chamber (duct) a through
ducts ¢, d and £ just as in the triple hammer, At the end of the

downward motion, striker 2 inflicts a blow through the bushing 3
againgt the cluster of rods 6, which in turns strikes against

the surface which is being cleaned.

-+
/
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Fig. 136, Cluster-Type of Pneumatic Hammer: a - upper chamber;

b - annular duct; c¢,d, and £ - channels; - lower chamber;
e - outlet holes; 1 - frame; 2 - striker .(face); 3 - bushing;
4 - screen; 5 - sleeve; 6 -~ cluster of rods; 7 - cover;
8 - plug; 9 - pressure screw; 10 - bypass pawl; 11 ~ bypass
coupling; 12 « spring; 13 - nut; and 14 - connecting sleeve,
The tecbricael specifications of the cluster-type hammer are
listed in Appendix 25. The rules for maintenance during opera-

tion are the same as during the work with the triple hammer.

Among the disadvantages of the cluster type of hammer, we
should include low productivity. To avoid corrosion of the
striker's track, the hammer should be lubricated often; also,
each time following the work under water, it is necessary to re-
move sleeve 3 and to wipe the rod and its internal cavity dry

with a clean cloth.
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Inpact -centrifugal Machine for Cleaning. In addition to the
air-driven tool, for cleaning the hulls of ships of old paint and
rust, use is made of other devices. The small percussion-
centrifugal machines driven by an electric niotor have gained
fairly wide popularity. A variant of such a machine equipped
with wire brushes instead of strikers is shown in Fig. 137.

An advantage of these small machines is the fact that a slid-
ing blow is made againsi the surface which is being cleaned, and
thereby there is a reduced danger of damaging the surface during
cleaning. At the same time, for the intensively hardened paint,
the use of such machines is usually of insufficient effectiveness,

and it is necessary to resort to pneumatic hammers.

The percussion-centrifugal machine is driven by an electric
motor which is located at the surface. The electric motor turns
the flexible shaft 1; the latter in turn drives spindle 9 on which
a ring is mounted containing the strikers or, as in the given case,
with the wire brushes 11, hanging freely on the working axes 10.

At the turning of spindle 9, the wire brushes 11 deflect to-
ward the outside, and at contact with the surface, they inflict
& slanting sliding blow on it. The deflection of brushes 11
occurs owing to the centrifugal forces developing during the rota-

tion of spindle 9.

During the operation with the percussion-centrifugal machines,
it is necessary to insulate the flexible shaft 1 from the admis-
sion of moisture., For this purpose, it is mounted in a rubber
hose. After the activity under water, the machine must be cleaned
carefully until it is dry, first having been rinsed in clean fresh
vater, [For better sealing, we recommend the installation of
gaskets in all points where the bearings come in contact with the

water.

Covering 6, extremely necessary during work while in dock,
can be removed if during the operation it will create much resis-—
tance; however, this problem should be solved by the operator
himself in each actual case.
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Fige 137, Fercussion~Centrifugal Machine for Removing Rust and
faint (model equipped with wire brushes): 1 - flexible shaft;

2 - spiral spring; 3 - union nut: 4 - collet; 5 —= lever; 6 - pro-

tective covering; 7 - ring (clips; 8 = lever; 9 - spindle;
10 = working axis; 11 - wire brushes; 12 - support; 13 - sleeve;
14 - tail piece (shank); and 15 - ball bearing,
among the shortcomings of these devices, we should include the
relatively quick crumpling of the brushes and the twisting of the
flexible shaft, which prevents the rerformance of the work at a
grect distance from the driving motor.

Besides the equipment described, for the cleaning we can also
use a paint machine and other devices, in which in place of the
woriiing disk we place an end-type wire brush 190 mm in diameter.
For a description of the raint machine, see below.

Section 61, Underwater Painting of Surfaces

lainting occupies the basic role among the various means for
available combatting the corrosion of metals. Paint applied to a
surlfuce creates a compact and stable film which stops the entrance
0i moisture and protects the object from corrosion. Special rules
estublish the sequence, periods and types of paints used for ships.
tainting the exterior sheathing of ships (including the submerged
side) is conducted during the scheduled moorings of the ship. In
individual sectors of the sheathing in the ship hull's submerged
rart, it is sonectimes necessary to refurbish the paint film without
waiting for a scheduled drydocking, since this is conducted only

ouce per year.
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Corrosion of the ship hull develops most intensively in the
region of the variable waterline, the bow surf and the stern over-
hang, at the points of the varying effect of air and moisture on
the sheathing; in addition, there occurs the purely mechanical at-
trition of the coating film during the continual washing of these

sectors by water.

If we overlook the inconvenient and onerous task (for the
ship's crew) of painting the area of the variable waterline during
careening, and the stern overhang and stem with establishment of
trim difference, in the ship repair practice there is essentially
no method permitting us to restore the paint film on the hull's
submerged part without drydocking the ship.

All the familiar techniques for painting the surfaces in air /22C
are unsuitable for painting on a wedt surface. Most of the researchers
have suggested solving the problem of underwater painting by the
development of special paints and the utilization of the existing
methods for their application. However, owing to the high cost and
the lack of adequate conditions for the manufacture of these paints,

they have not yet been put on a production footing. !

We can also solve this problem by seeking or developing tech-
niques for applying (during underwater conditions) the paints now
being produced by industry. The main difficulty is the forcing
back of the microfilm of moisture from the surface. The centri-
fugal painting method which has been developed provides the appli-
cation onto a prepared (cleaned) metal surface, of a stable and
compact film under submerged conditions or onto a wet surface in
the dock.

The centrifugel painting under water, suggested by the euthor,
according to experience can be utilized for the painting of wet

surfaces, during drizzling rain and during condensation conditions.

The gist of the centrifugal painting technique consists in the
uniform distribution and rubbing of paint over the surface with a
spongy working disk turned by a pneumatic motor. The paint is fed
under pressure through a central orifice in the disk. From the
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effect of the centrifugal forces, during the rotation of the work-
ing dish, the paint is spread over its surface and is transferred
(rubbed) onto the surface which is being painted. The paint is
applied with a mechanical force which favors an improved crowd-
ing out of the moisture and hence an improved adhesion of it with

the surface.

According to the research conducted by Academician P.A.
Itebinder, the painting of a hard moist surface is based on the
Phenomena of selective wetting., Certain liquids run easily over
the surface of a working body or over the surface of a nonmixing
liquid, and form a thin film; other liquids, on the other hand,
roll off, retaining the shape of a drop, and do not wet the surface.

The ability of a liquid to wet or not to wet a surface de-
pends on the cnergy relationships at the interfaces of three phases
(solid-water-paint) (during underwater painting) or solid-air-
paint (during painting on the surface) and on the relationship
between the forces of adhesion with the surface which is being
painted, and the surface tension of the liquid (cohesion).

The greater the adhesioun and the less the cohesion, the better
the liquid wets the solid, Therefore a liquid with & low surface
tension will flow over the surface of the liquids possessing a
high surface tension, forcing them from the surface of the solid,
wetting the latter effectively.

The coal lacquer and the ethynol paints which are utilized for
underwater painting have a surface tension within the limits of
17-25 erg/cmz, while for water at 20°C, the surface tension equals
72=-75 ergs/cmz. Water is not as efficient in wetting a solid as
hydrocarbons, and this creates a basis for removing the microfilm
of water from the surface which is being painted. Painting in
fresh water or on a wet surface is accomplishable without any
limitations, but painting in saline sea water is possible only under
the condition that the salinity does not exceed 2%. With an in=
crease in the water's silinity, the paint ceases to wet the surface.

i oo
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In addition to observing the wetting conditions, to provide
high quality of the puinting, it is necessery to spread the paint
over the surface of the object; when underwater conditions are in-
volved, this cannot be done manually with a brush. Thus, for as-
suring a satisfactory quality of painting the surfaces under water,
it is necessary to have a mechanical drive developing a rotation of
the working disk with a speed of approximately 250 rpm.

The centrifugal procedure of underwater painting has a number
of positive features; as the practice has shown, in their strength
and plasticity the films are equal to those obtained by the brush
method on a dry surface. The viscosity of the paints used is higher
and consequently the depth of the layer applied is greater; this
permits the obtainment of a controlled thickness of coating in a
smaller number of layers (e.g. 3 layers instead of 4).

The expenditure of materials during the centrifugal method of
peinting corresponds roughly to the expenditures involved in the
brush method of applying the coats. The utilization (expenditure)
of sponge for the working disks depends on the condition of the
surface which is being painted. Specifically, during painting with
ethynol lacquer on a wet surface, with one rubber sponge-type disk,
ve painted 150-~160 m? of metallic surface.

During the painting with coal-tar lacquer, according to the
preliminary data the productivity of the centrifugal method com-
prises 27 mz/hr, wvhile with ethynol paints, it amounts to 16-=20 mz/hr.
In proportion to the improvement in the equipment and the acquisi-—
tion of good work habits, the output achieved during underwater

paeinting will increase.
The centrifugal painting method can be recommended during
selective painting under water, i.e. in peinting the repaired sec-

tions of a ship, individual places where the paint film has been

+ damaged, perts of the bottom equipment which are being replaced,

patches, ctc.
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°e Section 62. Equipment for Centrifugal Painting Under Water

In their design features, the existing painting machines and
mechanical brushes proved unsuited for painting under water, The
equipment developed for centrifugal painting under water is still
far from perfect but it does provide the application of a high-
quality coating during underwater conditions with a small volume

z
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of work,

The apparatus for centrifugal painting (¥igs. 138, 139) is come
prised of the following units: a small painting machine 1, a small
paint-pumping tank 2, a water-oil separator 3; in case of working
in dock during the painting of a wet surface, use is also made of a
balance beam for supporting and balancing the painting machine (Fig. 140).
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rig. 138. Apparatus for Certrifugal Painting Under Water: 1 -

pneumatic painting machine; 2 - paint—-pumping tank; and 3 - !

water-oil separator. Key: a) paint; b) outlet of spent air; :
- c) to balance beam; and d) compressed air.
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For concentrating the lacquer to the viscosity required in the
application by the centrifugal method, we resort to an electric
heater operating on the principle of a water or sand bath, /224

Fig. 139. Pneumatic Rotor-Type Machine for Painting with the
Centrifugal Method: 1 - intermediate ring; 2 - stuffing box nut;
3 - sponge~type rubber disk; 4 - removable working disk with
slides; 5 - main disk ( of faceplate) with slides; 6 - frame
cover; 7 - driven gear; 8 - frame; 9 - ball bearing; 10 - spring-
type ring; 11 = frame bushing; 12 -~ inlet valve for paint;

13 = union nut; 14 - nipple; 15 - spindle; 16 - crown gear;

17 = lower cover of stator; 18 - rotor; 19 - upper cover of
stator; 20 - frame cover; 21 - blade of small turbine; 22 =
stator; 23 - intermediate gear; 24 - needle-type bearing;

25 - end-type bushing; 26 - threaded ring; 27 - support key;

28 - nut to central shaft; 29 - central shaft; 30 - driving
gear 31 - prismatic key; 32 -~ intermediate ring; 33 - stuffing
box; 34 -~ bushing; 35 - screw; 36, 37 - frame levers; 38 -~ sup-
port loop; 39 - suspension; 40 - nipple for air hose; 41 =
union nut; 42 - plug-type valve for feeding air; and 43 - nip-
ple for diversion of processed (spent) air. Key: a) view C,

The technical specifications of the equipment for centrifugal
painting are presented in Appendix 26. In addition, the equip~-
ment incorporates hoses for conveying the paint and air, plus as-

smebly tools, including special wrenches to the painting machine,
and a viscosimeter (Vi-4 funnel) for determining the lacquer's
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viscosity prior to pouring into the tank. The painting is done
in a water basin free of the residues from petroleum products.
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Fig. 140. B lance Beam for Supporting the Painting Machine:
1. =—eyebolt; 2 = bushing; 3 - support; 4 - ratchet; 5 - spring;
6 - ring (clip); 7 -~ hook; 8 = cover; 9 - small cable; 10 -
frame (housing); 11 = drum; 12 - bushing; 13 - axis; 14 - washer;
15 -~ screw; and 16 - plug.
For underwvater painting, the paint of the required viscosity
is poured into the tank and compressed air is connected from a
compressor; calcined granulated coke 20X20X30 mm in size is poured
into the water-oil separator. After testing the operation of the

arrangement, the machine is lowered on a rope to the diver.

The working element in the machine is the sponge-type rubber
disk 3 (I'ig. 139), which is glued to metal disk 4, connected by
slides with faceplate 5. This permits an easy replacement of the

worn—-out sponge dislks.

The diver opens the valve 42 for admitting the compressed air
to the machine and then starts the machine; he then opens valve 12
* delivering the peint. The supply of the paint and the turning of
the face plate are regulated in such a way that the paint would
uniformly cover the spongy disk without spattering. After this,
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the machine is pressed by spongy disk 3 against the surface, and

iu proportion to the application and levelling of the paint, the
machine is moved along the surface being painted in such a way that
there would not be any breaks in the film. DYarticular care is
taken in painting the riveted and welded joints, cavities and other
irregularities. At completion of the painting, the flow of paint
is cut off, then the air supply, and the machine is shut down,

In order that the spent air would not create bubbling in the
direct vicinity of the surfece being painted, onto the outlet nipple
43, we attach a piece of hose 1.5-2 m long, preferably with a float.
After the completion of the work, the machine is pulled to the
surface and the valves in the pressure tank are closed.

After being raised to the surface, the machine is disconnected
from the hoses, the spongy disk is removed, and the machine is
washed carefully with kerosene or gas, and wiped dry. The removable
spongy disk is simply wiped dry. Kerosene or gasoline should not
come in contact with the spongy surface, since it damages the
rubber. The hoses, particularly the paint hoses, are carefully
blown through with air and only then is the equipment disassembled.

Juring extended storage, the moving parts of the painting
machine are lubricated liberally with spindle o0il, while oxn the out-
side they are coated with technical petrolatum; the machine is
wrapped in waterproof paper and placed in the prescribed storage
facilities.

The painting machine which is being used is heavy and this
quickly fatigues the worker. There are lighter-weight rotor-type
nachines for painting on the surface which should be adapted for
centrifugal painting under water. 1In place of the sponge rubber
disl, it is feasible to use paralon or some other spongy plastic
wvhich is resistant to petroleum products, having a resilience
egual to that of sponge rubber.
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Section 63. Paints Suitable for Underwater Application

0Of the standardized paints, only the ethynol paints and coal=
tar lacquer are suitable for application under water or on a wet
surface. The adhesive and latex paints are unfit for underwater
application. The paints ground in a paint vehicle, enamel and
also the perchlorovinyl dye type of paint proved unstable, al-
though they can be applied easily in underwater conditions.

Coal-tar lacquer is produced in accordance with GOST (State

Standards) 1709-60, with an original viscosity of 2 min--2 min
30 sec (at 20°C). For centrifugal peinting, only grade A lacquer

is suitable, in which its viscosity is reduced to 8=-14 min (at
t = 20°C). The time of the lacquer's drying under water will
runge from 24-32 hours.

Coal-tar lacquer is a dark liquid, formed as a by-product
during the coking of coal and consists of asphalt (40%), pitch
(25%), of heavy oils (30%), and of other admixtures (5%).

Ethynol Paints. At the present time, many new paints have
been developed which are based on ethynol lacquer. These paints
are those plasticized with chlorcparaffin, brand DY, the ethynol
paints, brand EKZHS and EKSS (the former ETSOL paints), the modi-
fied ethynol peaints, brand LKKL(combinations of ethynol and coal-
tar lacquer) and ELM, bituminized paints of brand EKBT, the epoxyd-
ethynol lacquers, brand El, and the EYK brand of ethynol-

perchlorovinyl paints.

From this entire assortment of ethynol paints, only the paints
of brand LEKZHS, EKSS and EKKL have passed a practical test. How-
ever, there is a basis for assuming that other modified paints on
an ethynol base will show excellent results, especially the types
Et and EKBT paints.

Less dependable for underwater application arc the brand ELM
paints and the plasticized VI’ brand of paints, chiefly as a result
of their slow drying. The technical specifications and the compo-
sitions of the ethynol paints, recomnended for application under
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water and onto a wet surface, are presented in Appendixes 27 and
28 below.

BLthynol, or divinylacetylene, lacquer is a by-=product obtained
from the production of synthetic rubber and comprises a 40-50%
solution of nonvolatile polymers of acetylene in xylene. LEthynol /228
lacquer (varnish) is volatile and unstable; therefore, as a
stabilizing agent, we add to it the auto-~antioxidant of the A0 type,
or the antipolymerizer, type ATl.

Iithynol lacquer is manufactured in conformity with TS (Tech-
nical Specifications) 1267-57 with an initial viscosity of 13 sec.
For application when underwater conditions are involved, the ethynol
lacquer is subjected to concentration (distillation of the volatile
substances) in an electric heater to a viscosity of 2 min 15 sec—-—

2 min 45 sec. A filler, for example iron oxide or red lead, is
added to the concentrated lacquer.,

During the testing, the ethynol lacquer showed stability and
strength of its film on a par with the film applied in drydock to
a dry surface. JDepending on conditions, under water the ethynol
paints dry out in 18-24 hrs. The viscosity of the lacquer or
paint is established with the VZ-4 viscosimeter., Ior this purpose,
a sample is taken from the total batch of lacquer comprising about
300 cm3 end is held in air for 20-30 min in order that the lac-
quer would acquire the temperature of the ambient air.

Having strained the lacquer through a screen with a mesh size
of 160 holes/cm2 and having removed the foreign admixtures and films,
it (lacquer) is poured into the viscosimeter funnel (Fig. 141).

At this time, to prevent the lacquer from flowing out, the funnel's
spout is squeczed together with one's fingers. Having filled the
funnel to the brim and having prepared a small glass container and
a stop watch, one releases the spout and at the same time activates
the stopwatch. Tke time required for the cutflow of the filled
funnel (the inside volume of which amounts to 100 cm3) is a measure
of the liquid's viscosity. The determination of the lacquer's

viscosity is repeated at least twice with an accuracy up to 5-10 seconds.

-230-

T T




R T
AR TG

(=8 )

[

Fig., 141, Viscosimeter - GIPI-4 Funnel (VZ-=4),

During the painting of the ship's hull, we usually apply 3-4
layers; moreover, each successive layer is applied after the pre-
ceding one has dried completely. The drying time depends on the
wvater temperature, season and area in which the ship is located.

In order to differentiate the layers during the painting of
the ships according to the systems (ordinarily a 3- or 4-layer
application), we add a pigment to the paint, for instance lamp-
black. Thus, the layers are applied alternately-—one layer with
pigment, and another without pigment, and so forth., One must never
add cement to the paint, since as it sets, it settles onto the
walls of the pipelines and hoses, quickly putting the equipment

out of operation.
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CUAPTER 12
TECHNICAL INSYCTION WURING THix UNDLRVATER SHIY RulAIR ACTIVITIES

The technical menitoring of the underwater ship repair opera-
tions is achieved within the overall system of the organization of the

technical supervision at a ship repair enterprise.

Special significance in the conditions of underwater ship repair
is acquired by the intermediate monitoring by way of the inspection
by one diver of the tasks completed by another diver, for instance the
fitting and tack~welding of a patch by a diver-hull repairman is ac-
cepted by the diver-welder prior to the welding.

The final inspection consists in determining the quality and scope
of the tasks completed prior to presentation of the object for
delivery to the purchaser., The director of the USRS (Underwater
Ship Repair Stations) or the senior official at the station makes the
final checkup on the tasks which have been performed.

Section 64. Techrnical Irnspection During Underwater
Welding and Cutting

Supervision of Underwater Welding. In the preparation of the
objects for underwater welding, we conduct a verification of the
chamfers taken (the bevel angle of the edges) and of the cleerances
between the sheets, plus the correctness of placing the tack-welding.

After the welding, we perform an external inspection of the
joints and verify their dimensions. For the measurements, use is made
of a general-purpose angle template (Fig. 142.). The defects found
(undercuts, burned through spots, overflows, deviation of the seam,
nonfusions etc.) are cut out and re-welded.

The iwportant joints are checked with radioscopy, by use of /231

radioactive materials directly in the underwater conditions. This
method of inspection permits us to detect any internal defects in the
welded joints (cracks, nonfusions, slag and gaseous inclusions, etc,)
without breaking the joints open.




Pig.142, Geperal Purpose Angle Template for Inspecting the Welded

Joints: A - checking the preparation of the edges in case of butt-

welding; B - measuring the height of a butt-welded seam; and

C - measuring the height of a fillet weld in a T-~joint. Key:

I) Height of Butt-Welded Joint: I1) Height of T-~joint.

The gist of the method consists in the idea that the gamma=-rays

of a radioactive substance, passing through the welded joint, act upon
a photographic film and based on the photograph thus obtained, we

establish the presence of internal defects in the welded seam.

As a radiating device, we apply radioactive cobalt and other mat-
erials. The water disperses the gamnma rays and therefore the clarity of
the image in the photograph taken in water is inferior to the image
talken in air. In connection with this, during the underwater gamma-
graphy, we recommend the uce of the so-called "soft" emitters which
yield photographs having a sharper contrast.

In Figs. 143 and 144, we have shown the gystems for ithe radio-
scopy of welded seams with an ampule of radioactive substance. With
the 2id of gamma—-rays, we subject to radioscopy the products made of
metal, having a thickness up to 300 mm, wherein we detect defectis

amounting to 4-5% of the product's thickaess. For metal with a thick-
ness ol less than 200 mm, the sensitivity is least of all-~i,e.,
8=9% o1 the thickhess.

~233~

T L N B e T




IR AN )

- n]
s T LT 2 A L Gt e U

Fig. 143. Diagram Showing the X~-Ray Inspection of Welded Joints:
1 = stand containing permanent magnets; 2 - vertical guide;
3 - horizontal guide (track); 4 - can containing an ampule of

radioactive substance; 5 ~ welded seam; 6 - case containing the
£ilm.

Fig. 144, Diagram Showing the X-Rlay Processing of Fillet Welds
(of Welded Seams in the Ship Sheathing): 1 - vial containing the
radivactive substance; 2 ~ belancing wedge; and 3 - cassette

{(£ilm helder).

In the two-sided lap joints, the tightness of the welded joints
can be checked with compressed air. For this purpose, the seam is
drilled and compressed air is connected; thereupon, the appearance
of bubbles will indicate eny breaks in the welded seam.
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The tightness of the welded seams is checked by pumping the water
out of the flooded compartment. The presence of leakage (filtration)
indicates the loosenesses of the joints., The defective sections are
cut out and are re-~welded under balanced pressure, i.e., with a
preliminary filling of the compartmeut with water up to the level of

the outside sea water.

The indirect types of welding inspection include a verification
of the quality of the electrodes based on a certificate, by the pre~-
paration of spot-checking specimens, and also the tests of the
diver-welders for releasing important items for welding, with the
issuance of permits. If a permit is lacking or has expired, the diver-
welder is not allowed to proceed with the responsible tasks.

In the inspection of the underwater cutting, special attention
is paid to the provision of a continuous cut. For this purpose,
preliminary irradiation is accomplished from the reverse side, and
with a diver's knife or an electrode, it (irradiation) is run along
the entire cut. The overflows, crosspieces and burrs which have been
detected are trimmed off with a chisel.

Section 65. Technical Inspection During the Assembly
and Repair Tasks

During the inspection of the assembly and repair work, a verif-

ication is made of the installation dimensions and of the assembly marks,
as well as the action of the mechanisms. For instance, the verification

of the propeller's seating on the cone of the shaft, the observance
of the clearance between the propeller hub and the stern (deadwood)
bushing, the verification of the effect of the rudder by setting it
from one side to the other with simultaneous observation of the
rudder indicator needle, etc.,, i.e. the same requirements are
imposed on the quality of the assembly and repair (fitting) tasks as
during the performance of these jobs at the dock.

e also observe the requirements and the standards established
for the dock repair for seating, tightening, fitting, scraping etc.
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Section 66, Technical Inspection During Operations on
a Ship Hull
The monitoring of the hull repair tasks includes the verifica-
tion of conformity of the prepared elements (patches, duplicating
sheets, framing units)to the dimensions of the restored sections of
the ship hull and its configurations, and also of the verification
of the tight fit of the joints in the exterior sheathing (planking).

In distinction from repair while in drydock, at sea the verifiw

cation of the tightness of the outer sheathing is accomplished by pumping

the water from the flooded compartment. If the compartment has not

been completely flooded, we examine from the inside only the restored
section of the hull sheathing.

Monitoring the Tasks on Flotting the Ordinates of Ship Hull
Configurations While the Ship Is Afloat. A careful check is made of
the correctness of installation (suspension) of the underkeel beam
and of the measuring rods.

The monitoring of the concrete work is accomplished according
to intermediate operations: first, we check for the cleaning of dirt,
rust and grease from the surface to be concreted; then we check on the
correctness of installing the reinforcing steel and forms, etc. The

quality and composition of the concrete before pouring is verified
at the surface.

After the concreting, the main attention is concentrated on the
hardening of the concrete and on the increase in its strength.

Inspection of the underwater cleaning of the ship hull is conducted
directly prior to the painting and consists verifying the removal
of marine fouling, scale, rust,old paint, bulges etc. In this connec-
tion special attention is diverted to cleaning the local recesses in
the welded and riveted joints. The surface is considered to be ready
for painting if during its wiping with a cloth, no rust would show
up on it.
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Between the completion of the cleaning and the start of the
painting, the delay should not exceed 12 hours, since otherwise
the surface could become rusty again. Before the painting, the
surface of the hull's above~water part should be cleaned again
with a cloth.

The monitoring of the painting quality is conducted by a
direct inspection of each layer of the painted surface. In this
connection, we check to see that each successive layer has been
applied only after the preceding one has dried. A low~quality
brushing of the paint, the presence of a pattern, cracks or ex-
posures of the metel (unpainted places) are not permitted.

Simulteneously with painting the ship's hull, we paint a
control plate which is hung by the object (place) of painting.
The paint dries on the control plate and on the object simul-
taneously and under uniform conditions. The drying of the film
and the quality of its application are checked both according to
the control plate as well as directly on the object by the methods
of imprinting and perloration-type incisiou.

An attechment (Fig. 145) with a rubber fitting is pressed
through gauze against the painted surface. If the surface does
not release loosened parts and an imprint of the device does not
remain on the film, the paint is considered to be dry. The method
of perforation-type incision is used for determining the adhesion
of the paint with the metal.

Using a knife, on the control plate at an angle sloped with
the surface, we make 4-5 parallel incisions of the paint down to
the metal at a distance of 3-4 mm from each other, and the same
kind of incisions are made perpendicularly to the first ones. If
the adhesion of the ciating with the metal is good, the grid (net-
work) turns out to be a uniform, with the remnant of a film., In
the case of faulvy adhesion, the pattern is disrupted, the edges
of the incisions prove to be torn, and the film stands away from
the metal.
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Fig, 145. Vevice for Determining the Drying of the Paint and

Varnish Coatings: 1 -~ rubber attachment; 2 - gauze; 3 ~ tip;

and 4 - handle.

In this instance, the film is removed and the defective sec=

tion is repainted. If the checking on the quality of adhesion
is conducted directly on the ship hull, the grid-type incision is
made in several places. After the checking, the pattern cut with
the knife is painted over.

The thickness of the covering layer is checked against the
control plate by measuring the dried film with a micrometer,
For the various types of coatings, the film's thickness will dif-
fer. For a coating film made of Kuzbas lacquer, the layer's
thickness must not be less than 60 microns, while the oversll
thickness with three-layered application is not less than 180
microns., In the ethynol paints, the coating's total thickness
must not be less than 130 microns.

Section 67. Technical Inspection of the Rigging Operations

In the performance of the rigging tasks, we check for the
correctness of selection and proper condition of the hoisting
equipment, especially their braking units. We verify the proper
condition of the cables, the conformity of their dimensions,
quality, and also the strength of the knots which are being tied
and the correctness of the rigging.
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The requirements imposed on the technical inspection of the
rigging operations are the same as those conventionally adopted.
In the accomplishment of the underwater ship repair tasks, it
should be definitely established that the diver knows how to rig
the objects of varying shape correctly, how to tie knots and to
handle the hoisting mechanisms and devices.

CHAPTER 13
SAFETY RULLES WITH REFERLNCE TO UNDERWATER SHIP REPAIR TASKS

Independently of the types of work, in the underwater re-
pair of ships the rules of the diving profession must be strictly
observed, especially the rules for enforcing safety during the
dives, The demands made on the physiology involved in diving
work are generally known, therefore we discuss further only the
requirements of the safety rules, ensuing from the specifics of
individual forms of underwater ship repair tasks.

Section 68. Safety Rules Applying to Underwater Welding

Since welding under water is done with the aid of electric
current, special attention should be paid to observing the safety
rules imposed on jobs involving the use of electiricity,

The extent of injury by electricity depends on a number of
factors~~the force of the current, its voltage, duration of ef-
fect, resistance of the human erganism and particularly on the
condition of the skin and nervous system,

The higher the current voltage and the lower the resistance
of the human organism and of the clothing worm, the more current
can pass through the man's body and injure him more seriously.

Electric current with a force higher than 0.1 amp is lethal.
Also dangerous is a voltage higher than 12 v in damp facilities
and bigher than 36 v in dry facilities.,
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Alternating current is more hazardous to man than direct

current.

During his work under water, the diver-welder should be
ingsulated against electricity and from the penetration of mois-
ture from outside.

Underwater welding is performed in diver's winter gear in
good condition, including mittens, with an electrode holder in
proper condition and reliably insulated, The connections to the
velding cable must also be carefully insulated.

Injury from electric current in underwater conditions is
pessible through the metal components of the diving gear or in
case of an avwkward handling of the electrode holder. One is
categorically forbidden to grasp by hand an electrode which is
receiving current. One must never place the holder with the elec-
trode, connected to current, on the work object, the work plat-
form or the bottom. Nor should one ever place a live electrode
against the diving helmet, since a burn-through is possible,

Reliable constant telephonic contact must be maintained with
the diver. 1If the telephone has gone out of commission, welding
operations under water are discontinued,

One should incorporate in the welding circuit a cutoff switch
which can be turned on and off only at the order of the diver, and
the action taken must be reported to him by phone.

During the work with direct current in underwater conditions,
owing to electrolysis, we find a breakdown of the copper parts in
the diving gear, and primarily of the diving helmet. To avoid
this development, we recommend attaching zinc plate-type shields
to the diving suit and helmet; it would also be feasible to cover
with rubber or to paint the diving helmet and all copper parts of
the diving gear with carbon, ethynol or celluloid lacquer. Break-
downs of the metal components of the gear were not noted during
the work with alternating current.
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In the performance of welding activities under water in
inconvenient locations, a second (backup) diver should be stand-
ing by, with suit on but without helmet or burdens. Velding
tasks under the ship bilge should be performed only from a work
scaffold (sling).

Section 69, Safety Rules During Underwater Electric-
Arc and Oxy-electric Cutting

During the underwater electric~arc and oxy-electric cut-
ting, it is necessary to comply with all of the safety regulations
established for underwater electric welding. In addition, dur-
ing oxy-electric cutting, one must observe the requirements
imposed by the safety rules pertaining to handling oxygen equip-
ment and pressurized gases.

The oxygen tanks must be stored in a specially ventilated
facility where the temperature does not exceed +35°C, Pressurized
inflamumoble gases, gasoline, kerosene etc. must not be stored
tegether with oxygen.

We recommend that the fuels and lubricants be stored only
at a distance of at least 10 meters away from the storage site
of the oxygen tanks. In buildings used for storing oxygen, only
electric lighting is permitted, All the switches and fuses
must be installed on the outside. Smoking or the carrying-in
or striking of an open flame in these buildings is forbidden.

During the transport of oxygen tanks, the eonnecting pipes
must be fitted with end caps and covers must be placed over the
outlets. isach tank must be moved only on a stretcher by 2 men,
or must be hauled on specially designed carts.

Before utilizing the tanks, we verify their prouper working
condition and the presence of the inspection seal affixed by the
Kotlonadzor (Boiler Inspection Agency). During the 1-second
scavenging of the tank, the worker should stand to the side of
the outlet pipe. Tle reducing valve and hoges must be in good
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condition, Heducing velves with worn threads on the union nut

must not be put in operation.

Special attention must be diverted to avoiding the admission
of grease, dirt, oil, etc. to the oxygen equipment and lines.
Damaged hoses sections must be cut off and the remaining parts
must be connected with two~ended nipples, following by a rein-
forcement of the hoses with lashing or special clamps.

Section 7G. Safety Rules Applying to Underwater Gas-—
Oxygen Cutting

In addition to the safety rules apply to oxy-electric cut-
ting, during the werk wvith an<installation for undervater gas-
oxygen cutting, the following conditions must be fulfilled.

-=-the tank containing the gasoline must be separated by at
least 5 m from the oxygen tanks;

~-the tank must be filled with gasoline in a specially as-
signed place, and one must see to it that the gas does not get
onto one's clothing; during filling in the open air, one must
not stand facing the wind;

--the lcose connections in the joints of the hoses and equip~-
ment are 4o be located only with the use of soapy water or by ear;
to avoid blowing up the equipment, it is forbidden to use flame
to check for leaks;

~-for the sealing gaskets, one should utilize only asbestos
cord soaked with paraffin, while the sealing strips are made of
fiber or lead;

——after igniting the cutter at the surface, it should be
lowered in such a way that the flame would be directed away from
the diver;

--when lighting the cutting tool at the surface, it should
be held with head downward and one should stand upwind from it;
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--in case of rupture or tearing of the oxygen and gasoline
lines, the emergency hose is bent in a loop above the point of
breakage, or the pressure valve is shut off;

~=in the case of a blowback of the flame, the gas supply is
quickly cut off, and then the cutting and heating oxygen valves
are closed; and

~=one should not permit the accumulation of excess gasoline
on the water surface,

Section 71, Safety Rules in Effect During Underwater
Blasting Operations

In the performance of blasting operations underwater, it is
necessary to be guided by the safety rules set by the Mining
Inspectorate of the USSR. Those permitted to do the blasting
tasks include only the diver—demolitions experts, having com-
pleted special training and having received the "Standardized
Handbool for Demolitions Experts."

The essential requirements imposed by the safety rules can
be summarized as the careful handling of high explosives (HE) and
a timely warning both to the crew of the ship on which the demo-
lition operations are being conducted, and to the ships which
are anchored on the roadsteads (within distances up to 1 mile).
It is particularly important that at the time of the explosion,
no divers or swimmers would be under water. Therefore prior to
the blasting, the boundaries of the hazardous zones are established
on the shore and around the water basin,

All the participants in the operation should be well in-
structed, should know the procedures and how to handle the HE.
Permission is granted to conduct the blasting operations only
from an ocean-~going sloop in good condition, while in winter, it
is done from the permanent ice. The conduct of blasting operations
from self-propelled equipment is forbidden.,
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The sloop should contain only the demolition worker and the
oarsmen. The demolition worher should set off the charges from
his position in the stern. The charges are alsc stored in the
stern. The permissible number of charges is not to exceed 10,
with a total weight up to 40 kg. However, we recommead that only
the required number of charges be carried on the sloop.

During the towing tc the point of operations with the diving
boat, the sloop should be separated by 6 m from the boat. The
demolition worlker hands the charges to the diver (a3 this time,
the sloop is permitted to come close to the diving boat).

The diver should carry the charges in his hands and check
that the wires running from the charges do not become tangled on
any object, hoses or the signal rope. At the same time, the
demolition expert should pay out the lines in such a way that
they would not become tangled with the diving helmet or with the
signal rope.

If the charges are light in weight, the diver is given
several charges in a basket fitted with special recesses. Having
set the charges, the diver ties the lines for a certain distance,
e.g. beyond the support arm, &nd emerges from the water. At
this time, he should make certain that he does not move the
charges and that the lines do not get caught.

One must not rearrange or prepare the charges in the sloop,
nor is one allowed to check the electric detonators, repair the
insulation on the charges, to start a fire or to smoke,

The main lines can be connected with blasting machine only
after the charges have been set and the diver has climbed out of
the wvater., Unexploded charges must be raised cautiously, just
as during placement, and are to be carried out only in one's
hands. The unexploded charges are destroyed by blasting or are
sunk in great depths. The blasting operations are conducted
during the day time and in calm weather (wave action not more
than two points, wind force not greater than four points).
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Section 72, Safety Rules Pertaining to Underwater

Painting

During work performed with coal-tar lacquer or ethynol
paints, it is necessary to use caution, since the materials con-
tained in them are harmful to one's health, can easily be ignited,
and in addition, ethynol lacquer is highly explosive.

The diver should prepare the equipment and the paints in
wvaterproof protective clothing, goggles and canvas mittens.
One is forbidden to smoke, start a fire or use matches in the
places for storing lacquers, or during the process of preparing
the paints for application. Fire extinguishants must be placed
in readiness at the surface (e.g. sand, fire extinguisher).

The packing under the Kuzbas lacquer and the ethynol paints
should always be kept clean by steaming, and washing with hot
wvater. Lacgquers can be transported only in sealed packaging.,
The paints are to be prepared directly at the object to be
painted, and in quantities not exceeding one day's requirement.
Any surplus paint, especially ethynol, should be discarded by
burying in vacant land or dumping in a deep place.

AV the work site, there should be a medicine chest includ-
ing turpentine, potable soda, gauze etc. To avoid poisoning,
one must never eat at the painting sites in diving costume, with
unwvashed hands. In the case of injury to the mucous membrane of
the eyes by the paint, they must be washed immediately with a 2%
solution of potable soda on a clean cloth. If the paint has con-
tacted the skin of the hands or face, it is necessary to wipe it
off immediately with gauze soaked in turpentine and then to wash
vith warm water and soap. The distillation of the volatile sub-
stances from the ethynol and coal-tar lacquer is conducted only
in an electric heater.
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' Section 73. Safety Rules Pertaining to Underwater
Gamma-~Ray Radiography

During the underwater radiography, it is necessary to observe
the safety rules and the labor regulations adopted for industrial /243
radiography. Taking into account the specifics of working under

vater, it is also necessary to comply with the following requirements.

The ampule should be transferred from the container and the
holder should be loaded only in an insulated area directly prier
to its being mounted for the radioscopy; at this time, the opera-
tor should be provided with a lead shield.

The loaded holder is lowered to the diver only after setting
the caertridge for the section to be x~-rayed. During the loading
of the holder with the ampule and its delivery to the diver, those
in the area should be separated by at least 3 m from the source
of the gamma-rays. One is forbidden from grasping by hand the
can containing the ampule. In case of necessity, one utilizes
tongs with a length of at least 25 cm, During the mounting of
the ampule on the section to be x-rayed, the diver must grasp
the holder by the base.

In the breaks between the x-raying under water, the ampule
is stored only in a special lead container. Pericdically (at
least once a month), the can is opened for inspection and the
deposit of salts oa its interior surface is removed., Should
the walls have become broken under the effect of the gamma-rays,
the can is replaced.

The divers involved with radiography under water should pass
a querterly medical examination and have written permission for
handling radioactive material and for performing the tasks.
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Section 74, Safety Rules Applicable to Other
Underwater Ship Repair Tasks

In the performance of the rigging operations, the cables
which are being utilized should be marked (should have tags
or marks) and be maintained in good condition. Workers are not
allowed to use damaged cables, lines or various devices in
improper condition. The pulleys, jacks, winches and the like
should be accompanied by the tebles indicating load-lifting /244
capacity and must be in good operating condition.

To avoid the shifting or breaking loose of loads, they must
be raised and lowered uniformly, without jolts and only at the
diver's commend. One should never stand under a load which is

being moved.

In the event of a malfunction suddenly detected in the
performance of the rigging tasks, the first person who has noted
the trouble must give the order "Stop" which is observed immed-
iately.

During the performance of the hull repair tasks under water,
one observes the general rules imposed on the diving service as
well as the rules pertaining to working with mechanized equipment.
Specifically, during the work breaks, the working tool must be
removed from the chuck of the pneumatic hammer, drill etc. in
order to avoid accidents occurring from a sudden starting of
the tool.

The requirements imposed by the safety rules in the per-
formance of the underwater assembling, preparatory and other
tasks do not differ in any respect from the general requirements
involved in the accomplishment of the same duties at the surface,
In the completion of these tasks, it is therefore necessary to
be guided by the general requirements imposed by the safety
rules and the regulations pertaining to the diving service.

In the operations involved in unsealing a ship®'s hull,
e.g. during the repair of the propeller installation, the bottom
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i fittings etc., one should set up a 24 hour watch at the water-
' pumping equipment, beinyg prepared to use them immediately in
emergency and other cases, established in relationship to the

actual conditions (e.g., in case of excess water leakage and
so forth),

s e+ T ——————t

AYPENDICES /245

Appendix 1
PERMISSIBLE CABLE LOADS

Cable dismeter, mm  Welght, kg : Pcmisﬁylo oad,

‘ 20 : 100 127, 4

i 30 : 16:0 ' 141,53
| 10 | 1500 ’ 119,4
| ' 50 2500 127,4
» . 60 3300 ; 127,14
- 70 ‘ 5000 ' 129,9
i i 80 653M0 f 126,3
40 ‘ 0000 41,5

| 100 12000 152,8

|

Remark. The steel cables with an organic core of the TK
P type are regulated by the various GOST (State Standards); in
‘ underwater ship repair, use is most often made of the cables
complying with GOST 3071-55 and GOST 3072-55,
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’ Appendix 2

/246
CHOOUSING Tl LLIAMDTERS CF CaBLus,. RIGGING SYSTEMS FOR HOISTING j
LOADS

) R fyotens of rigging . |
3 . e R |
; ! n ‘
o i brenches
\? b"—a&i- "

— e e b v e s 5 . R ... . . - e , .
Voo R TR F S IF S S TR I N BN I PO L;Ml R A L
ST N . _Cable diameter, sa
- >
| : i | } i i ! i
! 1 "
! tes N Y T 1 - H PN ! " b o
N (AL S W | 1 15,5 17,5 —— H' |.-r IT' " i 1\ : M
i o4 ' [ B 17,5 19,5 - 125 ','"'.' . 13 T ' e
: U [T T 15 24 .- "“'_' AN Cantt 1 1o ! Vi
R ' 15,5 4 — -— ‘|‘-:.a oy : '-"i |.'.’:', l ”:,' i Y
Poodha = - = 31 i i F IR X B A
R . IR - - Z n b R s e, AR
oo e Z - - o8 ] a0, | X R
N e I 03 - - - Y S KRN B [
1) . | :Ll. [ .;.i . - | o i Ah ol ' o ! _.5
S I IR w2 ¥ X ) I ‘
e [ i - a2 4 - s P o |
" S S, 446 4 .. ) , - - ;
oo ! sy ¥ o |

liemarh., The table is comgiled for cables having a provis=—
ional resistance of 130 Lkg/mm“ in accordance with GOST 3071-55
with a reserve factor of 7-9., The number of operating arms of the
slings in the calculation has been adopted: for system III--

3 units; for system IV-=6 units; and for systems I and II--

based on actual number of arms.

Appendix 3
/247
DeTNINATION OF PERMISSIBLE LOADS ON A CABLL BASED ON
IT3 CLRCUMIPLRLNCL
(based on laval ASS(expansion unknown) data)

Type of osble ~ Bresking losd .. Working load

N ' ‘
Mmd---.o. P:',SC-‘ P:O,S(.J

Semihaxd * o P=480 © pP=08¢C2

i
}
P =0,65 2

Tlexdble * . P=0c
TR oo
Thick flexible steel. . ol =33¢C | P=05C

p
wemarlh., l=- energy, kg; C cable circumference, mm.
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Appendix 4

s LB 0P HIGIL EXPLOS1VL (k) FOR RiMOVAL OF SCREW
FROVPELLRS

Velght of sorew Tobal HE weight (g) for moving . Wamber of

. propeller, kg ° the propeller charges
. [ bronze  odes Iron
oy o 21 N :
Y~ A 2R 2 R
T in ol , - .
Y. -~ R i | o -
T AN by o2 2
A ! a2 | o 2
IR i n i N 2
) o o T X
il Wt . | ST <
120 i 3 : W 2
1R by 5 : q 3
11) i v b s 2
13w R\ TR\ ‘ e .
1102 Y 105 o .
1709 ) . 110 i 12 2
130 "y P R 2
13 T PR . S R ¥ 2
2% s 12 3
:-’..’03 ! l\I ; 1.35 = I 3 : 3
~20 T S T L IR P 3
i 0 , | ] ’
~ 2300 T T T E T o 3
I ! 11 X 171 | i @
000 | 130 i | 180 ) 3
EENT) ' 170 | 200 l 219 3
FEv S S . SR & N O I -1
4500 | 210 ' oy L " - 3—i
o 50 ; 'S0 ::..'ﬁ . o= 1
31&) ! o8 I os00 30 RN S
R Y 310 T 3—1
5K AR ) 430 } )] , Y}
TR | 2l 30 , W ]
730 oA a7 T i
) a0 NN ' K] :\0 ;
3 a0 |, e 1 ;
W) A% 4% 159 '
a3ly) ) LA S :
10320 380 i A7 5] 3

ltemarks. 1. The weight of one charge i

s established as the

ratio of Iitl weight to the number of the charges.

The lines delineate the limits of the critical
(safe) weights of the HE depending on distance, given the same
thiclkness of sheathing.

2

-y
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Appendix ;
249
CRITICAL ViIGHT (IN GRAMS) OF HE FOR REMOVAL CF SCREW
TROPLLLERS
- . |
Ticmess | . _ . Gibmergmos depth (n) of charges
in my of ' . _l 4 ! ’ " .
ship hull's : - | ' . . i
m&m .- - e . - - . j
shoot Distance (m) from charge to ship hull's sheathing (plmnking) ‘ !
, ’ \ ' . ' ! ) ! ) i
[ N - X 5 L PR BN S i e b vt !
l,." l: .’.l|| .x.uzl..!l.‘ j 2 | M 1., l 1 y i i ! ' )
- i f ] 'n ; : ! . l Lo . ' oy f
3 SIRY ) BN YV U B YY) !ll:’» R PAY I-H)I 10 18a 1500 170t s o i 1L . e e
) H b | | ; Do TR
N Jito ; 1 130 ’uo ,l.'i()i |.'.u§ i7ol Is : 160 ' wof A : 220 ”",ﬁ U S e
;o ,f' L5 1130 J160 1501173 3 21 : "0 0 ; L R
. Vo 155170 iss 7o an® s 2io o1 200 220 0G0 e
: P ' ' : _ R
1o N0 L5 S i.'::o {215 200] 273! 400 | ooes | oo Do R T |
i i } ] ! i H e P Sy O e i
02 215 - 230 1 453 1270 !m':;ooi 335 , 360 - 820 l Gio | oo ] | s .u“' ' ".5 . |
I 201270 | 300 !.mo ;:soo{:mo' 30 | -uo; ,:570' 120 | .m»' Bk S |
' | | | 4 ‘ ’ ;
| i
: |
» Appendix 6 /
. 250
WOOLLN (PINE) PLUGS FOR CLOSING THE SIDE OPENINGS {
e ——— ’ !1
-vr
! r_
AL -
l af T Tt h
4 - T
Diemeter | D Hze of .
(mm) of holL Size of plug, mm . &?‘:‘ in m for pour= :
- - R ]
belng 1 p .| ovg | g,
covered ' d D ¢ i 21 v 9
|
50 10 72 175 031 — | =
100 80 123 210 1,3 - -
150 120 174 300 | .3,5 -~ -
200 160 225 360 7,3 - =
230 200 276 25 | 13,3 - 1 -
¥ 30 | 20 | am # 1 23 ! 2 | g2
350 20 | ars 523 3,0 1 a0 <>_I 140
400 320 , 120 560 23 | om0 | 160
450 360 465 585 B8 1 20 {150
- 500 | w00 | 508 | G0 | 683 . 30 | 200
~251-—-
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Appendix 7
/251
CHEMICAL COMPOSITION OF ELECTRODE WIRE USED DURING
UNDERWATER WELDING

- (60ST 2246-60)

B Brend of wive md | ot of elenemts, % p—
" puiposs , g uuowg 35315 ‘8
| A . . | ‘3.%

‘ not more then.

) ' o

for seams of increcsed | Bob more, n 5 i

strength & viscosity  : 0,35—0,6!Hc B eei0,1(0,15 0,3,0.010,04
(veuml welding) j 0,03
Sv-084A, ' Bob more T :
for seans cf importemt thm : l

designe (menuml -wn;) \ 0,35—0,6'He Goaee 0,1 0,1 10,250,03 0,03

37-1%5. v ' l
for seaxns of lmportent dm- _ - .
signs (seniautomatic ! 0,8—1,1, 0,6 ’0.90.14 0,2‘ 0,3 0,03,0,03
e

for seans of importent
dosigns (semimutomatbio
welding)

0,03

1,8—-2,10,7—0,950,1! 0,210,250,03
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Appendix 8
/252
CONMPOGSITIUN O MLECTROLE COATINGS (COVERINGS) o
UNDodWaTol VELDING AND CUTTING
(in percentajes by weight)
" Brend of_electrode

. !
- . ._ \ : -
Commes | imes mess OS5 IRl
< ; : i
Titmium dloxide « o o 6~ 35 . 3 2 25 -
Foldspar « ¢ o ¢ ¢ ¢ o o ' 10 :/ 20 : — : B
Maxble c e e o0 0 0 0 0 . I . 20 ! 12
Iron 070 ¢ s o 00 ¢ 0 o |, - '-'5'i - -
Zirconium o0 ¢« o s ¢ ¢ & 5 ‘ . -
PerromAngancse .E 5 i 30 L
Ferrotiteniun { 12 5 12 ! —
Ferrosi liciun I Y
Powdered iron i — - 30 ! —_
Staxch | - 1 -
Sewiust P - - b
Iiquid gloes to veight | l N
o drybaboh o « o0 0o | 2 20-5 W25 F 3

‘ |
demarks. 1. The LI'R~1 electrodes are designed for oxyelectric

cutting.,

2. The uI'0=55 electrodes are manufactured on a
base of potassium liquid glass.

3. In the &¥S-5 and LEPR-1 elcctrodes, the liqudi
glass entvers the percentual content of the mixture,

4, Vaterproofing of the elctrodes~-solution of

copolymer of vinyl chloride with vinyl acetate
in dichloroethane.

5. At the present tiwe, the LPS~52 electrodes are
produced without an organic component.
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Appendix 9

/253
TLCHUNICAL SPLUCIFICATIONS OFf ELECTRODILS USEDL FOR f
UNDLRWATLR WLLDING ALY CUTTING

| , |
Disceter Thick- | Recoumend I
Qi'p‘ o (sa) of | ness (m? Iod. current )leld sean ;m‘:: dogle of  1pact vis-
elece ; | Owirent type mad conditions afficient, " beading,: si
tiodes electrode’ ¥ 08 T “ops) for |gjampe.s bx stebecel o oot
rod ’”W*‘ zidag ta kg/wa? | sl
| slde ' ,tbvnhma | !
! . l'l R S - - ‘ - i
[ . | '
£S5 5 - 1 (0.7 -0, Divect, formed mad | 1i0-20 | 0,2 w12 To '
5 ow-1i0] reversed IR e R Bl i
. ’ , |
EPS-52: 1 0,8--1,0 [Direct [ 160—2 O8—=104] 3021 1. e
; 5 (’!‘),!l—l,l foru{wﬂ, alternabing 560128 ’ 101 W o l o
: ! , - ‘
EPO-55..i 1 0. 1,1 |Diresd, 210260 ) 6,2--0,7 1 g0 52 ﬂilnll 15
L ILl I1,4] forwsed aod veversed| i) ‘im | . |
EPR-1 i ~Tube fu,n 1,0 Direct, :3(')'". 500 | ‘
VI ! Lormed ' ,

* The current is selected depending on thickness of metal
being cut.
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Appendix 11

TUCILIICAL SPLCINICATICNS OF PORTABLLE WLLDING
TRRANSIFORMIRS
Type of trensformer .
PB+ "wo PS0=500 PEU-BO0 D=3**

’ - 'For mone T ol -
Nomenclature l i:{ mn Yor mene ":«f walde :;t::nt- For monual
welding ual ing (falis ic weld~ welding &

& cut=" walding® 3 i -
s ,ung‘cmwhu:;gﬁn»r4;hhuh cutting

. e i g
Type of goneratoxr, GS500 GSO-50'GSU-G00.. GEU=500 « SMD=3V=11X

Powor, kw . « . o 16 . 18; ) 8, ! 18 ) - 30
Idling voltago.v..i ) I s ., W0 I ,_i 0y
. ) ’ ' {
o, Bhod vol iags, Vel 0, W0 | W@ oy a0
rent forco, ampss . . ! . !
at P = 100% ¥ w100 WwH 400 30
ay P - 85 | 600 | 500 | - 500 500 Bw
limits of rogulating ! ; ;
cucrent £020e,8Tp8ep 120 - 120500 . 120 ~600[:60 300 | 1 - N
i Gud ! .
Type of electric | . | L o
Botor o » o o o ol ALT2/1] ApT2/1 BT/ =712 NP-EL3
Pover of slectrio A g f
mtor, kw. o o | 3 | ‘ 2 T RRY
Nusber of xpm o . o | 3460 | 1450 ' 2900 ‘| 200 | 1420
Nunber of posts ¢ o o | ! 1 l 1 r 3
: . . ;
nien s f"f o oy 100 | 1275 1065 055 1 230
wWdth s o h e s e 70 | 770 . 630 630 uX
hoight o« ¢ s 0 o olo 1110 : 18O | OI5 015 . 1207
w.i@t. kSoi e 0o 0 "; Han . 7“0 . -‘“) Hin . i?‘.‘.‘

*¥ The I’'SU~-500 transformers are manufactured with rigid and
falling external characteristics. The transformer permits switch-
ins to manuel or automatic (semiautomatic) welding.

*¥# ''he U=3 transformer is one of the motor~generators mounted
onr o rigid frame, placed on rollers. The electric motor and the
senerator are connected with a flexible coupling.

}
o
N
o

1
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Appendix 12

- MRS U INT ) h] 2‘.
TOCHMICAL SPUCITICATICNS CI* AUTONOMOUS WUELOING MACHINES / 7
' f' i Type of installation S
_ fommclature | SPAZ-3a | PAS-400 |PAS-400-VI | PAS~OOWVIII ASD-3-1 ASDP-500
. : Generator ' o
%Z;_:; AR IOI 8@-3;(15.4 5@ il -ar.:i;.\'l , BGP-3.VIILl * SGP-3-VUII 8GR-2-VIiX
WO © s 0.8 00 uos e oe ’ k T | “ [ Hhantha R o Ity 14
Idlin.s (no-10ad) wvoltage,v,. % | my n, ] 0 o , iy
Ratod volttge, o o 0 0 o o 1 : §] S (1) ) 0 ! " 10
fatod current, amps: ) . , , .
% Pel00%eeoeesw: Y : i) i 100 i 00 : i : e
B at tz - ]6.? o« o o 0 s 0 .‘ 500 il ‘ H00) | 1 SW NN
“ogulation 1imi 8, 120 6 1200 uii 120 6 10 il 1Y it Fa
husgﬁr of ypm .’f'.afp. . : T 1700 ' 1700 1oon i THEY : 1oty . ;Hud '
Nuxber of posts o « o o o o | v b R I [ I
;Zr;e . eS| AeR e | ALw120 0 ALel2d - TMZ-204G | YAAZ:20AG
er, © o s e 0 0ewe | . i) ' 90 P "W : (] [
Type of fusl’.'.'.",". . , .vamixe g | Vahicle gee Vantclo gee Vehicle gme Diessl fusl -Diesel fual.
o N ; Aty P Ao . !
kd:u@mﬁth UBtors o o o, 135 l b. 9 i 80 l &8 ! o ! R
Nurber of IPD o o ¢ o o o o . 2100 ) 2400 : 1600 | 1l [ 1500 Jab
Ovecell dimensd | ; ' .
ng..h PRI ?nf c.xf‘rfg:n 200 ; K10 | 2NT0 | 2870 | UN20) Y]
Tiid. ® e s 0 000 0 0o L) ' Rul) i, KN AS0 IREET] ; 1100
Helght « o« o 00 000 (SURTI N 10 A L [ )
Veight of spparatus, kg . o oia 140D Around (K10 | i | 1o oS0 TN
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R Appendix 13
TICUNICAL STPECIFICATIONS OF WELDING LQUIPMENT USING /258

AC, SUITALLE FOR UNDERWATEL WSELDING (CUTTING)
) bero —... Types of unite’

e . . -
Item ' /8T0-34 ' ST=4E0 SMWE00 BTI=700
M , : ;, N
Povor e eefi 2 1 3y 0 32 455
PR B % I; s | oo | 65 L ooes b AS
Curvent force ab ! l ’ !
given P, apses. 150 i 500 4950 | 300 T
Pricoary voltlgo.V1' 22002 ) 220 oF .| 290 or } 220 oF 1! 229 op
‘ 3898:; il 380 380 380 )
Secondary ! K
voltags, v, , * 63 6o 90/70 G0 uo
Rated woltage, v., 30 30 30 30 35

ocos ab given

[ ]

0,60 0,52 0,52 0,534
83 81 ]

|
{
l
i
|
8 |
control, amps . o 1507500 |150--700 150—800 f50—-700|{ 200—900
|
i
]

[
[~
<

Dioansions (mm)of

trensformers H . .
mbll ol g | e ] e
ce oo | i 6 ' . 429
length . o o o (68 600 840 772 79
Dinnsions of oure
rent regulator, mms
RN 623 669 — - _
wWath « 4 o oo, 317 320 - —
length ¢ o o o] 515 515 - = -
Vel ght e )
tEadarner, kg, | 210 200 350 %0 | s

Velght of vegule- | 120 120 - -

._tor,kg...o'
Remarkss 1. The welding rigs with aluminum STN-500-II and
STHN=T00=II coils are not suitable for marine conditions.

2. The type STN rigs are manufactured in a single
frame model, with a built-in current reguletor; therefore the
dimensions and weight are given as the same, in the line for the
iransformers.
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Appendix 14 ; 3
' /259 i
PTECONICAL SISCINICATIONS OF GASCLINE USED IN UNDURWATLLR i
CUTTING
] g R |
) Tten &% ozg S 59 8 f g, ek f
1-§ % é:'ﬂ l o ¥ ag %'ﬁ a a
#g 838 ,s Ay 48k
; !
aviatio gasoline ’
(Baku) B=78 . . arh,allmm'to 150 2.0 mxm
Aviation sﬂso& Q735 710 — liO —70 110' 30 10}2
W W EB70 0,740, 70| t 35 | 175 6.0} !
it ATt~ g o t
poda(omzﬁn- 0734 100100 52 | 175- 70 | |
Motor vehicle ‘ i ! ‘ 'j
2?5‘& gaso 0147 — 110840, 45 ) %ﬂmwﬁ | 2084 —36
my | H ' ‘
Appendix 15 j
/260
CCNUITIUNS AND TuClINICAL~LCONOMIC IND&XES OF GASULINE- :
OXYGEN LbTTINb UNDLRWATLR WITH THE BUFPR RIG ﬁ
- Cons ticn of line & ,Gmsunpﬁm ‘of gesolite & ;
:’;‘:9: 01: Vozdng pressure, atm 'Outting i i.n 1 br ?‘“ 2) ~ovg per ruming g\_of cut |
‘Basoline ' heating lmm i m;)]:“-q . lm,m rcll'bﬂng ’m. heating | cutting 5
: WB‘B | oxygen | ; : 8 r’ig" °’V§" ' Inm I'oxvgen. i
,: ' | - i | ~ — | | - & i 1itexs : 3
i ! | “d i ; -
oo o2 g 'b o o002 | 0 ‘ 170 G0 Lo ;ﬁ
511 A S S S S A l:g 1 ) ] Jb%: T T 1 )
0 ' 7 ' 3 ! R ¥ 050 16, W SN 230 . 8T o
33. X -%— ‘ 8 ! g , o 12 Q@&o a7 e Y 1600 ) v '
Ry - S ! ] | K 'To o ’ 7200 1 oysla 0 147 ) 2400 1 Ison 1
a8 e o % og b o7i L WS 7.5 L5 200 | 2000 !
1w ' N : 9 , 12 Do 6,5 i TH00 ,1 18,8 17,5 ‘ L0+ 3100 | 2 |
Packs | | | ' L / "v , | -
S50 ; 8 ; 8 i 10 5 To 10 6000 , O s e ] 2000 0 1300
% S R A S T o 00| 600 | 180 | 134 0 s |z
"3 i S ] l% 5,5 7800 | Jr’.lls ; 1500 BT R |
, ! |

kemariks: 1., The table is compiled from calculating a cutting !
depth to 10m and hoses' length of 30 m, |
2. With an increase in the cutting depth each 10 m, 1
the workinyg pressure of the gases aund gasoline increases by 1 atm, |
3. With an increase in the length of hoses, each :

3) m, the pressure of the gases and gasoline increases by 0.75 atm.
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Appendix 16
IRCDUCTIVITY OF THE LLECTIIC ARC AND OXYELECTRIC /261
CUTTING CF STrul, UNDELR WATK

cutting ' Paranaters ? T 5 11 ' 15 0 ; 20 ; BT i T ' W N0 Vo u..:
- - - — : ; ' , , ' o)
Rectric arc  Outting time,ndm.. 3 7. 78 . ' 10K - ! Iib ; T pi | e
: ; VB b ] [V B T Bt R A BT O
i

Conswption of

i ' ‘ !

(eloctrodes, wits o 4.7 | 7 15 ,'}5«-40;« 120 - | 15

50-&” Ko -
L L T B ) I V]

1
|
. | ]
Oxyelectrio . . Outting time, mim.; 10 -%5 23 43 33--451 13- ( 01 60 T (AR T R B P TR
¢ , : ; - : Poaos oo 15 o I
1 i f ‘ ' ’
) i 1
N N t
| [

LG0n

[l

I«.'u B I(T

o
706 L0s0
o U8

; uly { 00 Tosy o HRD  1G00 ;
. l ! * |
i l

Qq@&xaxmmmthn 0000 a0
liters. » L3 00 L0 !

Casumption of - ' i
alectrodes m:l.h.ﬁ 5 i ni‘ G-

kernark. The table 'is compiled based on cuttang 1 running
seter at a depth up to 10 meters.

. I t '
8 " - 10 | 1012 12150 15 Hesif Ll

‘

Appendix 17

CLiICAL COLLYGSITION OF T PIVE MATERIAL FOR OXYiLictnic /262
CUTTING UNDER WATEE (CCST 1050-60)

Type of tube, its — ,
dmensions in wm iy o ,geam ;l om :l
‘ ‘one

1

" Contents o elenants, % _

i i . .
Steel | 10, 64'/3-5 I%l '80;0 l7—— Ul)|0,20i002 0,035
| I | | | i



v

Appendix 18

CLaDITLIONS PO UNDERWATLR CXYELKCTRIC CUTTING AT
8T UP TOG 10 METERS

Yorking pressure of

ﬂﬁdmmucﬂlnunﬂ4 Ourrent foxce,éeps awwmmkdﬁn
=10 ‘ 200 ’ {,h—2,0
10—15 220 ‘ 2.0--3,0
AD—=200 ‘ 250 . 3,0-4,5
20 =30 27h 4,5-3,5
30—10 ! 300 5.5—-6,0
3 =50 320 $H,0—6,5
2060 l 350 6,5—7.0
u-=50 ! 350 . 7,0-9,0

80100 ! K0 ! 9,0-—-11,0

Over 100 ' 400 ‘ 11,0-14,0

itemarhkhs: 1, With en increase in depth, each 10 meters the
oxygen pressure increases by 1 atm.
2. Vith an increase in the leugth of the hoses,
ever; 30 i the oxygen pressure increases by 0.75 atm,

Appendix 19
RiECCHINILD CONDITICNS TOR UNDSRWATLE SLEMIAUTOMATIC /263
JoLDING WITH UNSHIBLDED ARC, WITH AN LLLCTRODE WIRE
A.,2 mn TN DTAMKTE

Ueitsof | . __ Position in space -
lmwthul awuhwd
Paganeter b ~ Gownhand ! I
» | : , . _ .
' | ! / | ‘ ]
D‘Pﬂl *» ® & & s @ @ wn lo l.'; 20 '“’ ‘l() ' |5 ll)
Qurrent f03c0 sees .. BMps . | 180 220 | 190—220 mo—’oo' 180—200 | 180~ »ool u.o—moll 169 180
: | ‘ 1 )
Yo-load voltage® .. o Volks ' 7576 | 7576 1 75~76 - I SO B
Bate of feeding ¢ ! ! ! | ’ | i '
the wire . o o In standand:’ 1213 | 1314 | H4=15 {0 N N K A P B
ts of | | a l = |
jscsle of I ; | ; !
'semiautomate; T | l ! i
dc rig** ! | | ' ! I
Pressure of gas . . latm S W RN I N R R

* The no-load voltage is given for the GS~500 generator,
connected according to the factory circuit at network length of
300 m (2 X 150 m).

** Conventional units of the scale are shown for the semi-
wulomatic wmachine, IIS{=300=2,
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Appendix 20
MECHAWICAL PROPLRTIES OF COMPOUNDS JOINED BY SEMI- /264
AUTOMATIC WELDING WITH AN OPEN ARC UNDLER WATLR
, : Depth of ubmg’_enoo. o .
. Poxemoter | o W0 . e . @

{ . |

ength 1imit, ~
s;::/mz ) o.o . -!;3}7.5 Q&S.QLZ-QT 37.0 33'6 _y_.s 42.5

(LI S 2o ooane 1
S0y

Angle of bcud.degreqi UL P - = |
" 1 & ! : 1
' t _ . ; |
Impact :Scodty. !, R : DIRUP P i ) ‘

e e 0 0 o" 5'7 ! {;'.] ‘ ’ - '
itemark. The numerator refers to the limits of indexes*
fluctuations; the denominator refers to the average value of indexes.

Appendix 21

PRELIMINARY DATA ON REGIMES AND PRODUCTIVITY GF UNDERWATER
SEMIAUTOMATIC OXYELECTRIC CUTTING*
mdmuSQ#Mt . ‘Bateoffeedinffovsh | Fate of
“““*"Wxmmmﬂmikzﬂﬁiﬁﬁﬂ;meuﬁn.ﬂomuq&qm:
= _of the scale®” ate

I ; l |

10 1 193 -280 25 07 PoT=10 0 10-2
13 ! 200250 2507 v 7=10 3 T,3=1,3
i Cas0- 0 25=07 CoR=id 25
0 Donan. oy SO0 R S S T 1,5

* The table was compiled from calculating work with an

elecctrode having a diameter of 1.2 mm, of = 189, at depth uP to 10 m.
¥¥ Conventional units of the scale are shiwn for the PPSR-

300-2 semiautomatic rig.

NOT REPRODUC\BLE
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SPUCIF1CATIONS CI' SYiCIALIZED PNEUMATIC TOOL

. french . 'Angular dril= Outting
Paremetor . (eosr ling mchine . ghoars
_ 10210-62) (o8t 092 -

Creeeee o mmga.'mmug. 'Roctilinear &
Puspose 1oo§:nmg bolta g {ahaped cutting

& nuta ¥ holos
Type of engine . « « Prneumatic ﬂhuunuq ,3humuuo
. rotor i : rotor ' Totor
Vorkdng pressure of '; ! P
compressed alr, atm 3—0 | 3 ' 3
Poror of pressure ! X i o .
mgim. ¢ o 00 0 0 nah | 1,75 O.J
mﬂg'egﬁcor et T ! 5 H
Number of spindle rpms - :
idltﬂg e s 00 0 [N 300 —
opera e 0 e - 263 -
Number of s s/mn © 1600 ’
Lbximal dicmetor of bolts :
apd nuts being tighten~ N i
ed DAy ¢ 00 ¢ o, 32
Linod ren. diapoter of ‘ .
drilling, mm e o o o » | 23 ,
baxirop diometer of ; o0 N
3By Wi ¢ s ¢ 0 @ l -
Maxdoun thiclmess of , i
zetal being cut,(5t.3),mm, — ‘ -_— 3
tting rete : ‘
:mm mi-:uo fu; ) : . - ! - 0,5—0.6
Tumber of dual strokes of ‘ ‘ 16
crossheod, min . o ¢ o ; , e
Alr consurption ab p - i
sure of 5-6 k cn3n3hr 1.3 n.q . 08
Veight kg, st surfece ., h f NO ' 28
mmmsionl. TN o o 00 0 © - ; :Q\ l";‘:
i | VWrench Awu“’&ﬁh
h e ]Dm&-
10210-62)
]
| —_ o 473 ‘ —
i )
‘ —_ z 130 ! —

of shoet metal

Appendix 22

g
Kemarh, The working pressure of the compressed air with an
increase in submergence exceedlnp 10 m should be raised accordingly,

fTiguring

1 atm per 10 m,
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Appendix 23

SPECIPICATIONS OF UNDSRWATLR KLECTRIC TOOL /267
! Sonll auxiliexy
X . B pctrio :
P ver ;msk mﬁf?‘ anill electric arill
' o

Diameter, mm, of cable’

balngmt....-,

Type of elactric mobor

T €

Wp, 200 opk, undervaber

j shortcirouited
1 . , . . “a
Yot pover, vatts » o o 1500 ] 109(7) : ;L:\.‘_
Yoltage, V. .ed.z.. 127 .,l" , ?' 2
mtau?tar,s'gm oon o0 i ‘ - ”‘.{)O\) ! .
Fotodice eed of |\ aou | 340 1200
'Y v o @ J v
R s ST B B
Mhickness, M0 « o ¢ o | 2—2,0 : — . i
Moodmun cutting ; . : v _
depth, m - 53 !
Yordmm drilling | : o .
dleneter ¢ o ¢ o o o - . i)
Dinersions, Wi « o« o !480>(400x90! 295X5\§><220 SOng,\’lSO
Yeighs ab suxfece kg’ 9 | 9,3 | 2
Pormissible dspth of ot '

mbnargemnoe, B o o o The poxioal for & dver in

Appendix 24

RECOMPuNDIED SHATES AND SIZLS OF PATCHES
(covering sheets)

St
- . e a— .
_.} 3 : |
i% \~ao
Z : i
b e —ad - )
a Py ) v .

/268

2.
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i o o , — Appendix 24
Mpproxizete din- - § g,g 3 | Jeproximte dn- g g {cont.)
%mp“ddmt?; m . f l ;a% ¢ [o0ldel patches,rm = . | %E
: ' '3 ' ’\§ | : ‘;a;g
a , ' e , ’g E a ; S | é ' ’g
. | , )
f u,gﬁi : | 3§
S0 260 ! 900 | 120 500 0 26 1230 1s
0 A1 | 12000 180 GO0 | w0 4300, 1
0 432 1500 0 240 00 302 1750 202
g0 | 520 11800 | 500 €00 | A5 12000 240
70 | 603 2100 560 900 388 4 2230 I3
O 1 6w 21001 410 1000 | a3z BW L 3
W0F TR0 L2700 ) 470 | 1100 ¢ 47h 2730 o7 Q>59»
1030 §55 3000 530 | 1200 } 5203000 420 nyb
100 ' 930 <3300, 390 | 1300 ! 563 (3230 45s &®
12000 1010 3500, 630 | 1400 | 603 | 3300 SR < &
B0 1150 800 o0 | I5DD ¢ 650 373 IS WO
1100 1200 4200 760 | 1600 | 6UD 4001 S5

Remarks: 1. In the cases when the hole is elongated in form,
one should utilize patches (covering sheets) of a trapezoidal or
other shape (e.g., rectangular) adjusted to the dimensions of the
hole.

2., In the cases when the sizes of the hole exceed
the dimensions of the steel sheets which are available, the patching
of the hole is accomplished with a combined patch including an end
lap.
- 3. We recommend that the patches' corners be
rounded off.
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TUCHNICAL

SPUCIFICATIONS Gif TOOLS USED

CLLANING CI' SURFACHS I'RIOR TO PAINTING

Paraneters

Appendix 25

IN MECHANICAL /269

TIHEM UNDisR WATER

iClustex~-tiype
‘poeunatic hamoer

Triple~hesdod Poaunatic
jpneunntic huuver machine

wu.----o!ocon;cauocoooimmwm

WPOﬁfehﬁm-s-...---.........'Ibto?'

thaher of head im;.‘pcts pex sinute o e o8 o o0
¢ .
Coasumtign ¢f compressed air at pressure of

5 kegfome

Disk diameter, mm .

"...'..'...".

‘must & old paint
\cevities & dmts

i
I
1

Md'bmnomeoonoooooootoi

[y

mmsions.m.....».;-...aan.

Velght, kg, at the suIfaoe « o « o o ¢ o s o o

TuClHNICAL SPECTIFICATIONS O INSTALLATION FOR CENTRIFUGAL

1800
i
y 5 i
H /
o
|
! (3
L2200 4150100
‘ 2,0
| Y

UhDisie WATER AND ON A WET SURFACE

|Romsved (oddsg Cleaning the

of2) of wolid rush, petal eurfece
!toulo & old paint

’ Bobor | Fotor
h |
l !
- ) c
! 1800 HN) Tpm
l 18 =20 i (.5
t [0
i h |
i ¥
! . f I
| |
: 12276418 i —
| . ! :
2.0 O
' 1

Appendix 26
/270

Voltage, Ve o0 ¢ s » i
A prosum,uk.g/cnz ‘ l

B

| Painting Balance ['I’dnt-pmplns Boating st | oresoil
Paxareters ' machs bean ' ek , separator
- : L = - Distillatdon of | Vaterw md. oile
‘Purposs . . o . . . . Distribution & Smport gjﬂpa&nFM' solvents from | Cleaning of
spreading of |y 8 peizsiag of Paiat Yo wrke! | original laoguer Somrassel iz,
palut over the iy gides 'ing dek o2 £) | entering the
825£800 Delig |yortical sure painting wachine| i | oainting machine
} peinted faces : ' |
Type or brand o o 4 4y = Spring Uylindrionl nwtrioﬂ.(qyl-! Twin-qylindsr
, v indrical)
'l}rpeofmgi.m....;m&nauo — — ‘ - [
‘ rotor . ;
Nugber of rpm: | 1
without load « . o 600 .- - 1
with lowd e« o o @ o‘l 350—-470 e - s ' -
. | " - -
Oltput, @/k' ¢ o & o b (—)L, — — i ' —
t — i
.- — L - 220 l _—
i
)

~206~

e



’ Appendix 26
(cont. )
Painbpuping Vintex=oil ]
Parnoter Pmtuég mer |Balance bean : . l Heating unit ssparator /27i
’ T )
Air umnumption (outi= | i '
t
pz). . s ) ) | ; 4o
D\/mn.(.-n.o|! W . . '
Dicmotor of worlding | . . | ! -
(u.f-k.mmgunont 80 , | ‘
Load—lifting cp. kg | -- 510 ‘
Ronge, @, of lifting | _ ! 9 . . !
h(ﬂ.b‘jxt P L I \ _ —_ 18 . ‘ 17(tmk) 13
Capm.xty, liters . . .“ . i ‘1‘“ j 3 ‘
.‘ : | gpmoe)
Time of heating lucq\m:." |
\pa_n%gz in \-ater bath | ___ - — i
DEBea i oAs om0 M5X25E R0 | 2005K150X80 G230 i B 20
‘ | WSE
i ' 5254000
! | (etn teak)
Woight (umloaded) om | 7 - "
surface, kg « + » » i b 3 ’ 18,5 LFEt

Appendix 27

THCINICAL SPECIFICATIONS OF ETHYNOL PAINTS SUITABLE /272
ol APY LILATION UNDuR WATER ——
I . - Bnmdofpdnt . .
Parasster fmx&-w fr.xse.ao 'm mv-lﬂ ’:m.-lss!mr- 3285 i %~75
; i e?
. —- B ?' - . ) ’ t '
Color o o o 2 o o ﬁeddieh—lm Black ,mndr. mld:. !
brown I’ s ;
Time of complete drying a# | I ]
20°C, not more than (at | ; . . ' . ‘ ,
surfoce), bours « o« + o o 1) | 10 S 0,75 [ 0,2 | K 2 ; 24
iscosity of 0l 1gor : ‘
Yplmg? sc'é, oogglrgxng I ot i ! I o - .- I | 'l g
Plexidbility,ma, not over.. B : 5 3 ) ] ; '
Pendulum hardnoss,at least 06 | d.u5 -| 0.9 - =T 0! 0,18
Imact resistance, kgom, . . _ ‘ ' ; '
not less than . b )y 30 o= S R U B LU
Yater absorptiom, % not over 0,5 - 0.3 B r i !
Resistance to offect of | f . Co l ! )
sca vater, diys . . . o | wo i -— 5000 onon ! - 1 -
Consumption of pm ] ) | ’ : |
(@?Nﬂmﬁly sz. . 110 ’ 125 B R i - | H
| i i i

% V24 viscosimeter '
Remarli, The data were excerﬁted from Ye.V. Iskra's book

stinolevyye Kraski («thynol Paints), Sudpromgiz, 1960.
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Appendix 28

COMPOSITIGN O WTHYNCGL T'AINTS SUITABLLE IFOR UNDBRWATLR /273
AVLLICATION (in ¢6)

! Breod of paind

Faraebor $: .8 :ﬁ.lﬁa‘qlm
. é # ‘3 [} Hop R

Laoyuer, othynol . « 6O-GB: G0-467 25 ~ 76 %0 66*! 8317

Dryfermuardlad.m 35 P -
Red lemd o o o o o o AR  ~-|»~|‘~'

|

Laoquer, epexyd EDG . e ~ -
I@Oq\wr,4llo.o-o‘, - - - e e )U

B
B
Coal~bar lacquer . . I R [ ; - b
Fogin ether « ¢ oo . - | -- D ‘
Chlorinoted fatty ' , | ‘

eoldy of paveffin . o .. . ., 3 - l
l\u’pmtim « o8 0 : - . 1 \
Remarks. 1. The percentual content of the paints is given,
proceeding from the requirements of application to a dry surface

in air.

i

Sl
‘
B
|

| i

2. During utilization under water, the ethynol
paints are concentrated in accordance with the conditions of ap~
plication,

3. Ethynol lacquer (divinylacetylene) is produced in
conformity with VIU-1267-54, while the coal=-tar lacquer's production
conforms with GOST 1709-60,

4. See Remark under Appendix 27, above,
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