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When repairing and preparing details of ship machinery and
installations for service, much altention is paid to developing
and introducing measures for protecting the parts from wearing,
thus ensuring a longer service life. These measures include galvanie
coatings, sputtering, building-up, mechanical strengthening of sur-
faces, and others.

Repairs of machinery parts and installations can be carried out
as follows:

(1) Application of a new layer of material on to a worn surlace.
This can be done by building-up, sputtering, galvanic coatings, and
other means; the surfaces are subsequently machined down to the
required dimensions.

(2) Recovery of the correct shape of the surlace by altering the
dimensions of the worn part to the next repair dimensions. This
is done principally by machining, for example, eliminating surface
irregularities of bushes by turning to a larger diameter; eliminating
ellipsoidal wear in crankshaft journals by turning down to a smaller
diameter, etc. In such cases it is necessary, in order to preserve the
interchangeability of parts, to alter the dimensions to the required
first, second, or third repair dimensions, when these ave speci-
fied.

The task of the technologist is to select the best repair procedure;
the principal considerations involved are economic expediency and
fulfilment of the technical requirements applicable to the part under
repair.

Described below are the processes most widely used in ship re-
pairing.

Section 10 I WELDING

The welding of metals is widely applied in ship repairing. This
is due to the nature of repairing work to be carried out, i.e., the
recovery of the specified dimensions, elimination of cracks and pits,
correction of corroded areas, joining of fractured parts, replacement
of parts of boilers or structural parts of the hull, etc.
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Welding technology has, in recent years, been supplemented
by new and highly productive processes. Very wide use is made
of automatic and semi-automatic submerged-arc welding, electro-
slag welding, oscillating-electrode welding, gas-shielded arc welding,
magnetic flux welding, etc.

Together with advanced mechanized welding processes, manual
welding is also used in ship repairing, since automatic or semi-auto-
malic techniques are still not applicable to every welding job Lhat
has to be performed.

Present-day welding technology comprises several methods and
techniques of improving the technical and economic effectiveness
of manual welding. These include the use of higher welding currents,
the use of Jarge-diameter electrodes, single-arc welding by paired
electrodes or bunched electrodes, welding at low temperatures,
single-phase treiple-are welding, welding with three-phase current, ete.

A deseription of Lhe principal welding jobs used in ship repairiug
is given _below:

Building-up. Resurfacing by welded deposits is widely used for
restoring the dimensions of worn or corroded machinery parts,
hoiler parts, and hull clements.

Automation of building-up permits a substantial increase to be
achieved in the productivity, and economy of the process, together
with an improvement of the quality of the deposited weld metal
and of the working conditions of the welders. Building-up under
flux is widely used. Electroslag building-up and gas-shielded build-
ing-up are being introduced. Certain establishments use -electric
methods of building-up, such as oscillating-electrode welding and
mechanized carbon-are welding with high-frequency currents.

Building-up is used not only for repairing, but also for producing
original bi-metal products. i

Building-up methods can be classified according to different cri-
teria.

1. According Lo degree ol mechanization of the process:

a) aulomatic;
b) semi-automatic;
¢) manual.
2. According to building-up techunique:
a) single-clectrode single-arc;
1) multi-electrode single-arc (bunched electrodes);
¢) twin-electrode single-phase current or three-phase current
with or without additional welding rods.

;5. According to configuration of the deposiled welds (for cylindri-
cally shaped parts):™ ~ 77T
1) screw-thread (or spiral) run (Fig. 6a);

) runs along the generator line (Fig. 65).
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The choice of the particular method depends on cconomic and
technical expedicncy. The factors involved are: productivity, char-
acterized by the amount of metal deposited in unit time; and the
consumption of electric energy per unit weig_ht of deposited metal.

In present-day bgi_l,gljvng—wup__fcechnology,‘_\\(Ld;esg_l‘gagl use is made
_of sing

o

re_aulomaltic welding under flux. v s
The types of automatic equipment used in this method are
AJICIL-500, TC-1TM, and A-475. '

In recent years building-up with shielding gases (argon, helium, and
carbon dioxide) has also become popular. Gas-shielded welding can
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Fig. 6. Welded deposils on shafts

be subdivided into techniques which use non-consumable elect rodes
(tungsten), and those which employ consumable clectrodes.

Welding with non-consumable electrodes is not very produclive,
and therefore is not widely employed. Argon and helium are also
little uscd owing to their high cosl. .

Welding with gas-shielded consumable clectrodes is preferable
to welding under flux wlien the welding runs are curved or short, or
when repairing casting defects, i. e., when direct observation of the
welding process is necessary. Welding with carbon dioxide as the
shiclding “gas™ has Tound wide application. ‘

For automatic COyshielded welding the type of machine used
is TC-17M, to which is fitted a welding head which supplies th(i gas
to the welding zone. The wires used are of types 10TC, OSFG, 081 C/\‘z
and others, since in the welding process intensive burning ol Si
and Mn takes place. o

When refacing parts with small diameters, and also when it is
nécessary to deposit a very thin layer, it is advisable to use the auto-
Tnatic oscillating-elecirode method, In this method the melting of the

“parent metal and of the electrode is achieved by the heat of a power-
ful nou-stationary eclectric discharge representing the transient
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stage belween a spark discharge and an are, with a duration of the
order of 1072 to 1072 sec. The discharge takes placein the electrolyte.
In the depositing process the wire executes a vibrating and a rotary
motion. The welded part moves relative to the electrode.

Electric-resistance building-up. In this process the surfaces are joined
by applying pressure al the contact points, which are heated to
a high temperature by impulses of electric current traversing the
contacl zones.

The technology of clectric-resistance building-up is based on the
fact that the metal, in the form of strip or wire, is laid on the worn

Fig. 7. Various configurations of electrodes in bunch:

«, b, - comb-like forms wilth two, three, and four electrodes; d—triangular; c—square;,
f—rectanguiar; g, h—star form

surlace of the part being repaired and is then welded in place by
means of resistance welding equipment.

Llectric-resistance building-up can be applied to repair worn
parts of any size by any welding metal.

Semi-aulomatic building-up can be performed using flux or carbon
dioxide gas. For™ this purpose welding cquipment types -0,
HE-RY, THH-04, TLHER00, and others are used. When welding
in carbon dioxide, the welding station is provided with a container
filled with the gas, and a special holder with a fitting for directing
the gas Lo the welding ave is used.

For manual building-up it is advisable to use a bunched-electrode
or twin-eleclrode triple-arc welding.

Despite the fact that the productivity of manual building-up
welding is low, manual welding can be used in ship repairing, where
there may be a large varicty of parts to be repaired.

Bunched-electrode built-up welding (Fig. 7) is a very simple and
effective method for restoring worn surfaces. The same equipment
is used as for single-electrode welding. The difference is that not one
but several electrodes are used, and the composition of the bunch
may vary widely. For deposit_welding, the comb-like bunch config-
uration, shown in Fig. 7a, b, ¢, is the best.
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For manual single-phase lwin-electrode triple-are built-up welding
a Spécial'electr‘Ode’NhoIder'i's"u'sed, ensuring separale current supply
to the two ends of parallel electrodes held side by side. The addition-
al phase is taken from the mid-point of the secondary winding
of a transformer type CT9-34, or similar.

For both manual bunched-electrode built-up welding and single-
phase twin-electrode triple-arc built-up welding use is made ol elee-
trodes with coating types VOHU-13/45, YOIM-13/55, OMM-),
[IM-7, M93-04 and others.

_In_built-up_welding of shalts, the [ollowing method is used.

i, The surface of Uho sliaft 75 Thoronghlveleancd lo remove all
sorts of impurities (rust, oil, sludge, paint, ete.) and is thoroughly
examined.

91 If traces of old poor-quality layers deposited by calcium elee-
trodes are found, the shaft is machined to remove the flaws.

:3) The shaft is preheated to a lemperature depending on the carbon
content of the metal:

| I

H

. . i at !

Carbon content, % E tempetare, oG !
i B

T T 1

i i

up to 020 Iy i
0.24-0.20 o-o |

| oo L oo
"l 0.46-0.80 | 21400 |
t | |

& The metal is built up using axial or helical welding runs.

To reduce shaft warping when axial runs are used, each weld bead
or group of beads must be deposited in a strictly ohbserved sequence,
starting with two or four equidistant lines (Fig. 8).

If the portion of the shaft undergoing repaiv is very tong, it is
recommended, when manual built-up welding is used, to divide it
into shorter sectors not exceeding A00 mm each, and run the welds
in the sequence shown in fig. 9.

With helical welding runs, the shalt is heated uniformly round
its circumierence, and therefore deformations are less likely to occur
than with axial runs. Helical runs are preferable, although the
Soviet Ship Register_allows both methods.

(5 During the built-up welding process, the are should not be
abruptly broken when each clectrode is consumed, since this will
produce a crater with a surface covered with many shatlow shrinkage
cracks. The terminal craters are filled with metal by holding the
clectrode in the weld pool and shortening the arc until the electrode
touches the crater.

Fig. 8. Sequence of depositing weld beads
Lb—lcngth ol deposit
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Fig. 9. Division of welded zone into scctors:
Ld——lcngth of deposit; —Ilenglh ol scctors
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(G: After the weld layer has been deposited, the metal is annealed
or normalized.

When deposits are made over large areas, the surfaces are prepared
and built up in the following manner:

(a) the surface is cleaned to bare metal with brushes or with a por-
table emery grinder, or with a pneumatic hammer;

(b) the surface is divided into equal squares (of 100 cm? arca),
or triangles, and the welding is carried out in a scattered pattern,
changing the direction of the runs as shown in Fig. 10.
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Fig. 10. Welding sequence for large area

Repairing cracks by welding According to the Rules, welding can
be used in shipbuilding “and ship repairing to eliminate cracks
observed in parts of the hull and machinery.

The repair of such cracks consists, fiestly, in determining Lhe
length ol the crack_and_drilling a shallow hole at cach end using
a 6 to 8 mm drill, and then removing the metal along the crack
(Fig. 11), and finally welding. If the crack is longer than 500 mm,
the weld beads are deposited in a backhand-step sequence, with
runs 150 to 200 mm long.

In ship repairing the cracks most frequently in need of repair occur
in drums and furnaces of boilers, and in ligaments between tube
holes and stay holes of combustion chambers; cracks are also fre-
quently found in shafts. Cracks arc also welded in steel piston
crowns, cylinder liners, propellers, and various parts of the hull
(profile sections, plates, welded and riveted scams).

The most difficult to repair are cracks in hull plating which do not
reach the edge of the plates, and cracks in structural parts of machin-
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ery, since with such cracks [ree contraction of the scam does not
take place and longitudinal and transverse stresses are set up.

To reduce these it is necessary to widen the crack before it is
repaived. This creates reactive opposite stresses round the crack.

Section AA

Fig. 11. Preparalion of crack edges for welding:
1---crack; 2—boundary ol excavated part; 3—drillings in end of crack

The widening of the eracks can be achieved by driving in wedges
or by heating. Heat is applied beyond the ends of the crack (Fig. 12).
During heating, as a result of expansion there arise compressive
stresses in Lhe heated arcas which result in forces widening the crack.

cooling pads {rack
e

e T

P
tHeating zone

Fig. 12. Widening of crack by heating

It is convenient to heat with a gas torch. The heating temperature
is 100-150°C. The edges of the crack are cooled, while the heating
is in progress, by means of asbestos pads. When the welding of the
crack has been completed, cooling of the heated zones should proceed
simultancously with the cooling of the seam. This will relieve the
elastic compressive stresses and will cause the expanded edges of the
crack to converge. This will allow the seam to shorten and to be
relieved from the expanding stresses.

_The welding of the crack should proceed from the more rigid
to the less rigid zones, i.e., from the ends towards the middle. With

this sequence the middIe zone of the crack, which is less restrained,
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will cool the latest, and will relicve the more restrained zones,
welded earlier.

It is also recommended, in order to improve stress relieving,
to tap the scam at a temperature of 100°C. If the welding of the seam
is done in several runs, then each run is tapped excepl the first one,
in which, owing to its small cross section aud high stresses, cracks
might oceur. ) . )

The last run should also be left without tapping since this would
cause the formation of a cold-worked metal layer on the ‘surl”acv.
Tapping of the inner runs is not harmful, since t!m ovgrlynu,«){ runs
will anneal those underncath, and the cold-working cllect will be
eliminated.

If the crack extends from a rivet hole to the edge of the plate,
welding is done from the hole Lo the edge. I the erack rons beyond
the rivet hole, the welding is carried oul also in the direction of the
edge.

In boilers, il cracks are present in the ligament belween smoke-
tube or stay-tube holes, the tubes should be removed and the crack
edges should be cut to a V- or X-profile. With a V-profile, the edpe
preparation is done from-the side opposite to the waterside. Usually
the weakest point in such a secam is the start at the tube hole, and
therefore in depositing the weld the beginning and end should be
made at the side surface of the hole.

When the cracks are spread over several ligaments in the horizon-
tal and vertical direction, precedence should be given in the weld-
ing operation Lo the ligaments having the greatest number of cracks
in one direction (i.e., horizontal or vertical).

Cracks in shafts should be thoroughly excavated, since a crack
remaining in a portion of the shaft may cause further defects. When
welding large cracks, which require large excavations, a consltant
check of shalt deformation should be held by means of caliper gauges,
templates, and indicator gauges. The welding sequence should be
such that the shrinkage and the thermal stresses are al a minimum.
‘The filling up of a V-shaped crack groove should proceed from the
'sides to the middle (Fig. 13). After cach run, the weld is thoronghly
-cleancd of slag and spatter. The welds are deposited in short beads,
at intervals, to reduce heavy overheating. The tapping of the welds
.is recommended, except for the top welds, at a temperature not
higher than 100-120°C.

Welding of cracks in cylinder covers is complicated owing io
restraint of the surface, and is performed in short runs, with tapping
of the welds. Repair is more difficult if the bushing is of cast iron;
which is not so readily welded as stecl.

For each particular case of repair of cracks in covers a suitable
technological process should be worked out.
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Dudl welding  Depending on the thickness ol the material to be
welded, the following types of butt welds are used:

(1) butt welds without edge chamfering;

(2) V-shaped butt welds with cdges chamfered from one side or
from both sides;

(3) X-shaped butlt welds with edges chamfered from one side or
from bolh sides;

(1) U-shaped butlt welds, single-sided or two-sided.

Bult welding of non-chamfered edges is done with thicknesses
up to (-8 mm, care being taken that there is full weld penetration.
The weld is laid along the edges with a slight transverse oscillation

s
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Fig. 13. Filling a V-prolile crack

of the electrede. To ensure full strength of the weld and avoid incom-
plete penetration, a backing run should be made along the lower
edges, if the design permits it. When a backing run is impossible,
backing plates are used.

Butt welding with V-profiled edges. With manual welding of
plates G-8 min thick, the V-profiled seam can be made in one pass.
This involves complicated Lriangular movements of the electrode
along and across the seam. Good exlernal appearance of the seam
largely depends on the frequency of the oscillating movements of the
clectrode and on the speed of its passage along the seam. Very slow
transverse oscillation leads to a coarse scale-like surface. Too rapid
electrode movements lead to incomplete penetration of the edges,
and also external and internal slag inclusions.

Butt welding of V-profiled edges in thick plates is carried out in
several passes. Thorough weld penetration in the first pass should
receive particular attention. In this pass the deposited material
is not easily accessible to the welding arc, and so electrodes of smaller
diameter, usually d = 4 mm, are used; the subsequent passes are
made wilh electrodes of d = 5 to 8 mm.

At the back of a V-profiled seam, a narrow weld is made with

increased welding current. It is recommended that before the backing
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weld is deposited, the edges should be prepared using a chisel or
a gas cutler. Edge preparation will remove any irregularities of
weld penctration that may have occurred in the first pass.

Butt welding with X-profiled edges. The welding is carried out
with the observance of the same principles as with V-profiled edges.
Since an X-profiled seam is symmetrical, the weld metal should
be deposited on each side alternately. An even better procedure is
o weld on both sides simultancously, and this is often done wilh
vertical secams. Seams welded in this way give rise Lo smaller defor-
mations than V-profiled seams.

Butt welding with U-profiled edges (Fig. 14). This method of pre-
paring edges improves the quality of the welded connection. Its
disadvantage is the more complicated edge preparation.

Depending on the length of the scan, butt welding is carried oul
as follows:

(1) welding “right across” (with a seam up to 400 mm long). in
this case the weld is laid in a direction from one end to the other;

(@) welding from the middle to the boundaries (with scam lengths
up to 1,000 mm). Welding proceeds from the middle in both direc-
tions;

3) backhand-step welding (for seams over 1,000 mm in length).

This is done either from the middle to the boundaries (FFig. 1Da) -

or from end to end (Fig. 156). The seam is divided into equal seclions
150 to 300 mm long. In practice the - length ol the seciion is deter-
mined by the length of the weld resulting from the melting of one
electrode. Welding is done in sections, each section being deposited
in the direction opposite to the general welding direction. I'n multi-
laver welding, the layers should be deposited in alternate directions
zlmd the ends of the sections should be staggered from layer to
ayer;

(%) welding in “stepped layers” is widely used in butt welding
thick plates. The sequence in which the welds are deposited is shown
in Fig. 16, and it is obvious that each step is started at the lowest
level and then proceeds without interruption to the next level,
covering the beginning of the previous step, and then to the third
level, ete. Thus each step binds the other welds;

(9) staggered welding (Fig. 17).

All these methods serve to reduce deformations and stresses
in welded structures.

Replacement of parts. The Rules for the application of welding

in ‘shipbuilding and ship repairing cover the use of butt-welded

patches when repairing the hull, boilers, or tanks. The following
requirements should be met:

(i-)lthe material of the patch should correspond to that of the parent
wetal;
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Fig. 14. Tdge preparation with U-profile
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Fig. 15. Backband-step welding
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(2) the corners of_the patch should be rounded, since sharp corners,
owing to slress concentrations, give rise to eracks running from the
corners towards the main body of the plating;
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Fig. 16. Welding in stepped layers

@) the patch is suitably shaped according to templates taken direct
from the damaged area;

@) the edges of the parent metal and the patch are chamfered, and
the surfaces along the edges are cleaned of rust and sludge to bare
metal;
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Fig. 17. Staggered-segment welding

(&) alter fitting, the patch is fixed in position by tack welds whose
length does not exceed the thickness of the patch, and which are
200-300 mm apart.

Welding in of a prepared patch procceds as shown in Figs. 18
and 19,

Principles of making welds in cast iron. Welding cast iron is much
more difficult than welding steel. To obtain a good welded joint,
with mechanical properties equal to those of the parent metal, a more
complicated welding technique is necessary than with many alloy
steels. The difficulties of cast iron welding are caused by the follow-
ing reasons:
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(1) low duclility of cast iron, which causes high stresses, and even
cracks, after shrinkage of the seam;

(2) formation of hardened and refined metallurgical structures
if the cooling has not been slow enough;

Fig. 18. Sequence Tor welding patches larger than 0.2 w2 and having no free

"~ edges:
I and 11--arvows showing webding sequence; a, b, and ¢—methods of compensating for
residual stresses: lormation of wave (w), bending away cdges (b and ¢)

(-3.‘) presence of graphite, which easily combines with oxygen pene-
trating the weld from the air. The resulting carbon monoxide and
carbon dioxide cause strong porosity of the weld.

Section AA

2
%/
A\

G

Fig. 19. Sequence for welding small patches with areas less than 0.2 m?%:
a—welding of patel withoot dishing in middle part; b—welding of palch with dishing
in middle parl, lo compensate for shrinkage

(a) (6)

N

The choice of welding method depends on the capabilities of the
welding shop, the character of the parts and their defects, and also
on the requirements that the joint has to meet. In practice several
methods arc used, which may be divided into two main groups: hot.
and cold welding methods.
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[ ot welding of cast iron] The welding zone is preheated to
600-700°C and is covered with graphite mats held in place with
a mouldiug compound.

Welding can be done either with an oxy-acelylene flame or using
the methods of Slavyanov and Benardos. After welding, the part
is_cooled down slowly.

(Cold welding of cast ironWelding is carricd out without preheat-
ing, using special electrodes. These may be ol cast ivon wilh a special
coaling, of copper, with a cladding of tin or monel (35% Cu and
65% Ni), or of low-carbon steecl using preliminary fixing studs,
auslenitic chrome-nickel electrodes, or bunched clectrodes.

The use of one-sided welding for boiler repairs In boiler repairs
it is often diflicult, or even impossible without further dismantling,
to weld from both sides.

" The Paton Electric Welding Institute has developed a method
of one-sided welding.

This method is as follows. The edges are prepared to a V-profile.
On the reverse side of the seam a copper backing plate is fixed which
should be in tight contact with butls. A groove in the backing plate
should be positioned so that, in vertical welds, it is symmetrical
to the gap, and in horizontal welds it is in line with the edge of
the lower plate.

Into the groove is placed a buneh of alloy wires. This bunch con-
sistsof three wires of 2 mm diameler, Lwo of whichare of Ly pe CB-101'2,
alloyed with manganese, and the third, type CB-12A1 according
to the DPaton Institule specificalions, is alloyed with alu-
minium.

Before insertion into the groove, the bunch is bound with thin
steel wire of 0.15-0.20 mm diameter, and alter insertion it is fixed
in position by light tack welds from one side. Welding is done with
electrode type YOIIU-13/45, using a welding current of increased
strength.

After fitting the patch, welding proceeds by the backhand-step
method. The qualified welder who does the work should first execute
a test weld 400-500 mm long, for inspection and approval.

The available experience with this method, both in experiments
and repair work, shows that single-side welding gives improved
thermal conditions, reduction of stresses, and good formation of the
welding bead.

Underwater welding and cutting. Underwater welding and cutting
play an important role in ship repairing. They are used in many
operations: cutting out damaged parts, burning out holes, filling
in leaking welded or riveted joints, inserling patches, repairing
cracks, cutting hawsers caught in the propeller, welding and cuttling
operations in repairing propellers, ectc.
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Underwater welding is carried out, as a ru.le, with direct cur?}?ut
and straight polarity. Steel wire of 4-6 mm dlamgter,r §v1th a carbon
content of 0.1-0.2%, is used as electro.de gmterml. .Ihp coating 15
prepared from water glass of feldspar, titanium m:g, iron oxxfle, an '
chalk. The thickness of the coating should be ZQ % of th‘ dla{netel
of the clectrode wire. The coating is covered w1t}1 paraffin w.ug.k

The current is determined, as in ordinary wgldmg, by the thlg -
ness of the welded metal and the electrode diameter. UnderwaLeI:
culling can he performed witha gas torch, clectric-arc culter, or
y ine xy-electric cutlter. '
00{.;‘11135‘11:(3”“(; %I)Laincd in underwater welding are s:tr_qngﬁqn‘gl__gg.l_l_t_,
but have a somewhat lower ductility owing to the intensive cooling

akes place. o
th?\:&:ih%%&i’l'fi’éi]'lﬂty in underwater welding and cutting is .the obs?,u-
ration of the welding zone by the tur_bgloncc of the‘ dlschatrgmqg
gases, necessitating the use of rigid guiding templates or patterns.
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In ship repairing there arises the nced for the straightening of bent
crankshafts, rotor shafts, transmission shafts, piston rods, connecting
rods, and other shaft-like components.

Straightening of shalts is a very responsible operation, and there-
fore it is necessary to understand the fundamental physical proc-
esses involved.

Straightening can be achicved in two ways: (a) by shortening the
metal fibres on the covex side (this can be elfected by rapid heating);
(b) by lengthening the fibres on the concave side (mechanically—by
hammering the concave portion). In accordance with this, there are
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thermal, mechanical, and thermowmechanical methods of steaight-
ening. e

The[thermal method|consists in heating a limited portion of the
shaft from the convex side. It is convenient to use a gas healing
torch for this purpose. The portion comprising the maximum bending
is insulated with asbestos, in which, to achieve localized heating,
a rectangular cut-out is made, extending approximately to one-third
of the circumference and, axially, through a length equal to 0.15
of the shaft diameter.

g AR, AR T S
///////M/J
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Fig. 29. Reamers

The metal in the heated zone tends to expand, but being re-
strained by the cold zones, undergoes elastic-plastic compression. The
non-symmetrical forces arising from this produce a bending moment,
and the shaft is bent even more. When the material in the heated
portion reaches the yield point, the flexure of the shaflt is al a maxi-
mum,

On cooling, the eccentrically situated heated fibres, which have
earlier undergone plastic compression, tend to shorten, but this is
resisted by the non-heated portions of the shalt which, as a result,
are stressed in tension. This causes the appearance of longitudinal
forces, the moment of which acts against the flexure of the shalt,
thus tending to straighten it.

In the straightening process the deformation of the shaft is checked
l_)y.gauges. Having slightly cooled the shalt after straightening,
1t is checked for wobble. If necessary the straightening procedure is
repeated; the subsequent heatings are positioned nearver to the loca-
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tion of the greatest wobble. Alter straighlening, the shaft is an-
nealed. o

To accelerate the straightening process, local heating is combined
with applying a mechanical force. Before heating is commenced,
compressive stresses are induced in the upper fibres of the shaft,
which is placed with the convex side upwards. During heating the
shaft is bent even more, but, encountering resistance, it quickly
reaches the yield point at Lthe heated portion, and so the straightening
process is accelerated.

4
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Fig. 30. Securing a shaft in lathe when hammering is used for straightening:
1——shaft; 2—chuck; 3—drift, 4/—hammer; 5—dial gauge

Thelmechanical method \consists in hammering the shalt from the
concave side at the position of maximum flexure and over a distance
of about one-third of the circumference, using a special caulking tool
(Fig. 30) adapted to the shape of the shaft. A rigid support, made of
hardwood or annealed copper, is placed at the position of maximum
flexure. It is convenient to fix the shaft in a jig, as shown in Fig. 30.
A good lixing, and the possibility of free elongation, should be en-
surcd. Therefore one end of the shalt is fixed in the face plate of a lathe,
and the other is left free. To speed up the process, it is recommended
to suspend a weight from the irce end of the shaft. The shaft is ham-
mered above the support. The hammering conditions, i.e., the force
and number of blows, are determined experimentally. The hammer
whose blows are transmitted to the shalt by the caulking tool weighs
1-2 kg. Straightening occurs as a result of the elongation of the fibres
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at. the tmpact points, and the consequent introduclion of forces
deforming the shalt in a direction opposite to the existing lexure.
To "relieve the stresses caused by cold-working it is necessary to
anneal the shaft alter straightening. After annealing, the shalt
should be checked again, since it may become deformed during
annealing.

The [thermomechanical straightening method 1] consists in heatmg
the shaft across the whole cross section at the position of maximum
ﬁexure to a temperature of 600-650°C. After heating, the straight-
ening is done by the application of force. This is produced by means
of a lever, jack, or rope. For straightening, the shaft may be fixed
in a lathe or on special supports.

After straightening, the shaft is cooled slowly and uniformly,
using thermal insulation.

This method of straightening is quicker than the others, Tt allows
the straightening of highly rigid shafts when the clfectiveness of
other methods is low. The disadvantage of the method is thal it
requires difficult preparatory work.

The heating of the shaft can be done with charcoal, gas torches,
or electric current (induction heating or resistance heating).

Heating with charcoal is done when the other means are not avail-
able.

Mechanical straightening methods are 1ecomm(,ndul when Lhe
shaft deformations arc small. Thermal straightening wilh local
heating is justilied with small shaft de[mmatwna (0.2- 0.4 mim) and
with shalt materials with Tow susceptibility to hardening. Thermo-
mechanical straighlening is recommended when the deformations
of the shalts are large and the shafts are rigid.

In the following chapters, concrete examples will be given, on the
basis of the principles already outlined, of the eralghtenmg of crank-
shafts, piston rods, rotors, and other components.
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Section 20 REPAIR OF PARTS LINED WITHI WHITEMETAL

Parts of ships’ installations and machinery that are lined with
whitemetal are of various forms. From the point of view of repairing
technology, they may be divided into two main groups. To the
first group belong parts with a cylindrica} working surface (bearings,
bushings, eccenlric straps of steam engines, sterntube ]IIIOI:S), and
to the second group—Iilat parts (sliders, segments, shoes ol thrust
bearings). ' ‘

The anti-friction alloys (whitemetals or babbitts) which are
cast into bearings should possess the following propertics: hgu_'(lucss_
sulficient to bear the shaft, ductility, microcapillarity (ability of
the surface Lo retain the lubricant), low coefficient of [riction, rela-
tively low melting point, good adherence to the l?oaring shell on
brazing, good heat conduction, resistance lo corrosion.

Anti-friction alloys consist of a plastically dp[ormahle mass
(matrix) containing hard particles, and are therefore non-uniform
in hardness. In service the deformable (plastic) mass wears out more
quickly than the hard particles. Thus the shalt rests on.the har'd-
particles and in the surrounding matrix a network of microscopic
canals is formed through which the lubricant is circulated and the
wear producls are cavried away. §

According to the nature of the load, the specilic pressure, and the
relative sliding velocity, the type of whitemetal is chosen as specified
by the Lules for Testing Shipbuilding and Machine-Building Mate-
rials of the Soviet Register. o

In shipbuilding and ship repairing the whitqmetals‘ principally
used are types BS3, BH, 516, and B6. Best quality whitemetals are
types B83 and BH. .

If during the pouring process there arises a doubt as to the ‘qunhl._\'
of the whitemetal, it is necessary lo lest its slructure. For this
purpose, according to the Rules of the Soviet Register, one bear-
ing is taken from a balch, and the structure of the whitemetal
is Lested, . )

The repair of parls lined with whitemetal consists in a compl.cte'
recasting of the lining, or rectifying the damage loc.ally by pouring
the whitemetal where it became chipped off, welding the cracks,
etc. Partial recasting is recommended in cases ‘where the defective
surface area is not greater than 30% of the whole working surface,
and the whitemetal layer is thick; on the other hand, when the
defective surface exceeds 30% of the working surface and the layer
is thin, complete recasting is recommended.

Casting of bushings and sterntube liners may be effected manually
or centrifugally.
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Recasting of whitemetal bushings. Irrespective of the method, the
recasting process is divided into the following stages: preparation
of the bushing; inserting the mandrel with manual casting or assem-
bly with centrifugal casting; melting of whitemetal; pouring; test-
ing the quality of the liner.

The preparatory work entails: removal of old whitemetal, degreas-
ing, pickling, tinning.

The old whilemetal may be removed by melting out or by chisel-
ling out. For the final removal of the whilemetal and the remains
of oil, the bearing bushing is heated
to 400°C.

For degreasing, the bearing is im-
mersed for 15-25 min in a bath of
10-15% solution of caustic soda, heated
to 80-90°C. Thereafler the bushing is
washed in hot running water.

Pickling consists in subjecting the
bushing to the action of hydrochloric
or sulphuric acid. For this purpose the
bushing is wetted with an acid for ten
minutes, or immersed in an acid bath J
for the same duration.

Tinning is done Lo oblain a beller
bond between the whilemetal and the
base. The bearing bushing is tinned
wilh tin or tin solder containing 30%
tin and 70% lead, or 50% tin and
50% lead. For tinning, the degreased
and pickled bearing bushing is heated,
wilth soldering torches, gas burners
or in a furnace, Lo a temperature of
220-240"C. The tinning layer is depos-  Fig. 35, Mould for casling
ited by immersing the bushing in bearing shells in whitemetal
a bath of molten tin, heated to a
temperature of 270-300°C. The surfaces which will not be Iined
wilth whilemetal are not tinned, and they are therefore covered
wilh a solution of chalk in water.

Tinning can also he done by rubbing the surface of the heated
bearing bushing with a rod of soft solder, or spilling powdered tin
over the surface and rubbing it in with a brush. Before rubbing,
the surface of the bushing is smeared with a solution of zinc chloride
and covered with sal ammoniac powder.

In manual casting, it is recommended, in order to obtain a dense
whitemetal layer, to carry out the pouring operation with the bear-
ing in a vertical position. In large bearings each half of the bearing

[~

-2 Packing
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bushing is cast separately. Fig. 35 shows tl}ﬂ _muuld for one hali
of the bearing used in manual casting; here it is necessary ‘Lo allow
amargin for machining of not more than 3-4 mm on eachside. The man-
drel 7 is fixed to the bushing by means of ties 2 and two straps 3.
To prevent leakage, the base of the bushing is smeared wilh [ire-proof
compound. The runner is obtained by laygng a collar of the same
compound on to the top edge of the bushing. '

The pouring of the whitemetal is a responsible task, on which
the quality of the cast layer depends. The wluLemotal should not be
heated to more than 50-60° above the upper critical temperature.
For whitemetal type B83 this corresponds to 400°C. ‘

The bushing is heated with a soldering torch to 250°C. ]A’uur'mg
into an insufficiently heated bearing can lead to lifting of the white-
metal layer. However, heating to a temperature higher than
the above-mentioned is also dangerous, because it may cause the
melting off of the tin layer. .

The temperature of tho molten whitemetal is measured \V}Lh
a thermocouple. An approximate measurement may l?e made using
a dry pine splinter. At 400°C the splinter, dipped in thg molten
metal, is slightly charred; at a temperature around 460°C, it is
completely charred; at 500°C it bursts into flames. ‘

The molten metal is poured into the gap between the bushing
and the mould. The pouring process should normally last 1.5-3 miun.
After the mould is filled, hot charcoal is thrown on Lo the surface
of the molten whitemetal or the mould is heated with a splderi.ng
torch. This ensures a gradual cooling of the metal, beginning with
the lower parts of the bushing and progressing upwards, as a result
of which harmful inclusions and shrinkage cavities are concentrated
in the head, which hardens last. To let the gases escape, the incructa-
tion, formed on the surface, is pierced with an ironrod. After casting,
it is necessary to let the mould cool slowly. During cooling of !Jm
cast-in whitemetal, contraction ol the bushing occurs. The resulting
deformation depends on the shape, dimensions, material, and other
factors. )

A deformed bushing causes difficulties in assembly. T<.) climinate
this defect the bushing is opened out. This can be done either before
of after casting the whitemetal. In the former case, tl}e bushing
is'opened out first. After pouring the whitemetal, the bushing returns
to its normal form under the action of the forces caused by the cooling
action. In the latter case, the bushing, distorted after the casting
operation, is brought back to its original size. This should be done
carefully to avoid lifting of the whitemetal. )

Fig. 36 shows an arrangement for opening out the bushings after
recasting the whitometal, To rectify the deformed bearing, a check-
g pattorn is taken from the bearing housing. After casling, the
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bushing is cooled down to 80-120°C and is inserted in the opening-out
device.

This device consists of jaws 7, housing 2 and tie bolts 3. The bush-
ing 4 is opened out by means of the tie bolts. A check is made by
using the checking patlern previously obtained.

Centrifugal casting ensures a higher quality of the whitemetal
layer, more saving in the whitemetal, and a better productivity.
L this method the bushings are assembled with asbestos gaskets

i
==,

i

Fig. 36. Device for opening out bearing half-shells after recasting

in the plane of the jointl, and lied together by straps. The gaskels
have a thickness of 1 mm, and their width is 3-4 mm less than the
width of the joint surfaces of the bushing. All openings are tightly
packed with damp asbestos. Then the assembled bushing is heated
to 200-220°C, smeared with a solution of sal ammoniac in water,
and tinned. After tinning, the bushing is quickly fitted in a lathe
and whitemetal is poured into the rotating bushing; the_speed of
rotation is found from the formula i T

__ 4,500
14
where i = speed of rotation of bushing
r = internal radius of bushing, cm.

To avoid cooling of the bushing, the time of fitting in the lathe

should be as short as possible. After pouring, the rotation of the
bushing should continue until complete hardening of the cast metal
is reached. For centrifugal casting rotary machines are needed;
in ship repairing yards lathes are often used for this purpose, fitted
with a suitable arrangement for fixing the bushing in the face plate.

Like bearing bushings, small stern tubes can also be lined with
whitemetal by centrifugal casting. =~~~ 77T

Fig. 37 shows an arrangement for centrifugal casting of stern tube
whitemectal linings in a lathe.
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i i i i ¢ 1d. Fig. 38 showsg
Casting of flat parts is done in a horizontal mould. Iig. 58 shows
the"ﬁ"fdfilgdﬂjff)r “casting the shoes of a thrust bearing. This is done in

a round metal form filled "with mould ma'terial. After the shoes
have been cast, the mould is thorougl.lly dried. . |
Local defects such as cavities, chipped-off bits of whitemetal,
cracks, étc., can be eliminated by building-up. In this case heating
is effected by a hydrogen or an oxy-acetelene flame. This method
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Fig. 37. Centrifugal casting ol stern tubo liners in lathe:

i ilang i s [or {hrust bear-
— r centre with Morse cone; 2—front thrust flange with recess 101' 1. st | -
11nallg‘nlgwirﬁggrcgeangeable centring ring; 3—delivery tohe welded to__ hollm\b 1‘({\1'5_{,2&2(::
4-3910(-1 funnel welded to hollow rear centre; 5-—roller thrust bearmg,.a—.—as esros;,,.)z té:
7—«};!ywood flange; 8—asbestos gasket; 9—sleel flange 6-8 mm tlus:k, 10——Tace piale;
11—asbestos gasket; 12—holding bracket; 13—holding bolt; 14—nut

of repair needs experimental verification, since there exists anopinion
that heating by a hydrogen flame reduces the wear resistance of
shaft journals. o ) o
The quality of the cast lining is tested by -chernlcal analysis o
the whitemetal, by examination of polished sections, and by checkmg
the bonding between the whitemetal and th(? hase metal. Well cast
bushings should satisfy the following requirements: ‘
(1) The surface of the whitemetal should have a matt silvery appear-
ance. The presence of yellow, blue, or dark-grey pat(}hes indicates
overheating during pouring. In these cases the bushing should be
recast. ) o ) »
(2) The casting should be clean, w1thout.meta1hc inclusions, an.d
when fractured should display a fine-grained structure. Non-uni-
formity in the fracture indicates that segregation has tqkel} p]ace
in the whitemetal, resulting from burning out of the md1v1d_ual
components. A coarse-grained fracture results from too slow cooling.
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wlich can occur through overheating the whitemetal or pouring it
into a very hot mould.

(3) The surface of the bushing should not exhibit deep cavities or
incompletely cast areas, which may remain even after machining.

(4) When tapping the bearing the sound should be pure, without
a rattle. A hollow sound and rattling indicate an incomplete bond
between the whitemetal and the bearing shell; this can also be
detected” by the chalk-kerosine tost.

| Machiving of bushings ajter re- T
casting.] After recasting and before
marking out and machining, the <
bushings are fitted in the bearing
housing using the paint spot method.
The accuracy ol secraping should he
3-0 spols on anarea of 20 25 mo,
Thereafter the "halves of The bush-
ings and the gaskets are assembled,
tightened together with straps and
marked out for machining their
internal surfaces, which is done in
a turning or boring lathe. After the
internal surfaces have been ma-
chined, the cooling and lubricating
passages are cut and the oil supply
holes are drilled.

The bearings are fitted to_the
shaft journals in situ. Sometimes,
in order to speed up the fitting Fig. 38. Mould for casting thrust
operation, the bearing is “enlarged” hearing shoes
in the shop; this “cnlarging” con-
sists in_bringing_the_dimgensions of the bearing to_those_of_the

Mould material
Thrdst shoes

journal by coarse scraping, until an appropriate_[it is obtained. In

the “enlarging” operation a cast iron hollow gauge is used, machined

to the dimensions of the actual journal with an accuracy of
0.01-0.03 mm.
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Clzap}er 117 | REPAIR OF THE METAL IIULL

After the ship is docked for repairs, a thorough survey of defects
is made on all parts of the hull by visual inspection and opening up
of decks, shell plating, and bulkheads. When revealing defects,
use is made of observations carried out during the service of the ship,
recorded in maintenance forms, logs, and survey reports.

The principal types of damage found in the shell plating, decks,
flats, bulkheads, framing, stem and stern posts, and propeller shaft
brackets are the following:

(4) local and general reduction in the thickness of plates and fram-
ing, owing to corrosion;

(2) impairment of the tightness of the scams and other conneclions,
lecading to leaks;

% cracks in welded and riveted conneclions;

%) cracks and {issures in plates and other elements of hull structure;

(%) bending, warping, corrugation, dents, and holes.

Below are examined the causes of damage and ways ol its determi-
nation and repair.

Section 22 REPAIR AND PARTIAL REPLACEMENT OF SHELL
PLATES

In the presence of the above-mentioned defects, it may be neces-
sary to reweld the seams, weld over the cracks, straighten the plates
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and framing, and carry out a total or pariial replacement of some shell
plates.

Partial or total replacement of shell plates may become necessary
through loss of thickness by corrosion or the presence of defects whose
elimination without replacement of the aflected part is inexpe-
dient.

To find the actual thickness of shell plating in places of greatest
wastage, driltings of 8-10mm diameter are made and measurements
are Laken (sec Seclion 4). More effective is the method based on the
physical propertics of the magnetic
field, electromagnetic and ultrasonic
waves. The ultrasonic thickness guage /
permits the determination of the thick- ¢z
ness of steel plates without check
drillings.

The Rules of the U.S.S.1R. Regisler
include temporary standards for the
maximum permissible loss of thickness — #edge
ol various strakes of the shell plaling,
depending ou lhe type of ship, ils
class, and ils zone of navigalion
(15—20% of v_inil,ial Lhickness). Fig. 41, Wedging away deck

Modern organizalion and technology plate
of ship repairing provides for the use
ol scctional or block moethods of hull repair, which allow the
replacement of whole structural units by new ones, fabricaled in
the shop, before the ship is docked.

{Zhe replacement of a shell plate in a welded hull{ The problem wheth-
er to keep the part of the [raming contiguous to the shell plate or
remove it together with the plate is decided in every particular
citse,

H the framing remains, culting lines are chalked on the damaged
plate and the welds holding the plate to the framing ave hurned out.
Having detached the plate with the aid of a wedge so_as to avoid
damage to the framing (Fig. 41), the plate is cut out aleng the chalk
marks with a gas cutter and is removed. The edges of the remaining
plates arve cleaned and prepared for welding.

'T'he new plate is marked off with the aid of a template and cutl out.
In the preparation of the new plale it should be remembered that

a gap of T.5-2"mn’is necessary belween the new plate and the edges of

the remaining plates:

" The templaies are, as a rule, made from dry wooden battens of
10-12 mm thickness, or from plywood up to 6 mm thick. For checking
the plates when these are being hot-worked, the templates are made
from sleel strip, plate, or seclion malerial.
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The final litling of the new plale is done on the spot, the plate is
supported on brackels and is held against the framing by means of
clamps_or_turnbuckles; it_is_then electrically tack-welded. o

The supporting brackels are welded from one side of the plale at

right angles to_the butt and at intervais of 300-600 mm; Lhey do not

interfere with the movements of the plate during welding.

"The plate is buili-welded by the backhand-step method, with Lhe
main welding direction from the centre of Lhe seam towards the ends.

Next, the new plate is welded to the framing.

_ The replacement of_scveral adjacent plales of the shell plating
is effected by the sectional method, with a wide use of semi-automalt-
ic or automalic submerged-arc welding. In this case the area ol plating
to be renewed, consisting of several plates, is welded in the shop in
a welding machine and is cut to shape according 1o a template taken
from the whole damaged arca, the procedure being similar to that
used with the replacement of a single plate. '

_ If there are local areas of reduced thickness in the shell plaling,
itisrecommended that these should be cut out and new plates welded in.

;Replacement of shell plating in riveted and welded hulls. When elec-
tric welding is used in ship repairing, a changeover is made from
a riveted Lo a welded construction, or to a combined construclion,
le., welded butts_and strakes, and riveted framing conneclions.

In this case, the replacement procedure Tor the plate differs some-
what from that adopted with a fully welded hull.

After cleaning the rivet heads of dirt and rust, in theregion of the
damaged plate, the heads are cut off with a gas cutter, the rivet
shanks are removed, and the plate is bolted to the framing with assem-
bly bolts inserted 8-10 rivet holes apart, to prevent the plate from

slipping when_all the rivets are removed.

__Ater securing the plate and remoying the holding bolts, the plate
Is taken off. In the remaining plates which surrounded Lhe damaged
plate, strips comprising the rivet holes are cul ofi; while doing this

1t is necessary loforce away (he plates from The Traming by wedges,

to avoid damage Lo _the framing.
Using a template with dimensions lifled off Lhe damaged part

on the sport, the new plaie is cut in the shop and delivered to the
ship, the final fitting is made, and the plate is fastened to Lhe fram-
ing with holding bolis. Then the butts and s{rakes are welded, ihe
rivet holes are reamed, and the plate is riveted to the [raming.

If "the framing adjacent to the damaged plate is also to be re-
placed;” the new plate and the new part of the [raming are joined by
welding. = oW L Lae lra 5 :

Elimination of leaks in the shell plating. Impairment of waler-
tightness or oiltightness of riveted or welded conncctions of the hull
can lead to damage or water-logging of the cargo. Lack of tighlness
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of the hull is unaceeplable and must be eliminated. In service this
defect is temporarily made good by cementing but uuder no circum-

. b e .
stances is this to be recommended as a method of permanent repair.

In docking repairs the tightness of riveted seams is restored, as a
rule, Dy re-riveling and caulking the seams, or in_the case of single,
rivels, by caulking alone. With repealed caulking of the edges, the
distance of the centre of the rivel to the edge of the plate is reduced.
Therefore Lhe Rules of the Soviet Register permit the caulking of the
plate edges provided that the distance mentioned above will be not
less than the diameter of the hole before caulking.

Tightness in riveled seams can also be restored by welding round
individual rivel heads or along edges. Care should be taken Lo observe
the principles of preventing the formatlion of thermal stresses (low
current strength, small diameter of the electrode, i.e., not more
than 4 mm, cle.). The Rules of the U.S.S.RR. Register admit this
method of restoring Lightness as a measure Lo be taken in exceptlional
circumstances and as a last resort.

Tightness of welded seams is restored by depositing further welds,

after preliminary cleaning the weld of rust, or by chipping out part
of the old weld and rewelding. '

I'I{epai_r_of shell plating in the presence of cracst}Cmcks are a common
form of damage found in shell plating. Their causes are various;
they occur mainly as aresult of impact, bending of the hull on the
seas, or incorrecl cargo distribution.

Cracks may also be due Lo deficient building or repairing technique,
low quality of material, or bad metalworking and assembly. It should
be remembered that forced pulling together of inaccurately formed
components, hammering cooled rivets, or faulty welding can all
lead to the formation of local stresses, and subsequently to cracks.
These appear most frequently in riveted connections and in welded
scams; Lhey are less common elsewhere. T

Cracks are repaired by welding, or, in parlicular instances, by
curring out the damaged parls and inserling new ones, by introduc-
ing cover plates, and sometimes, by replacing the whole affected plate.
The technology of crack repairs by welding is outlined in Section

Straighiening of dented plates. Dents in plating are caused, as a
rule, by impacts, thrust of the ship against mooring ropes, or naviga-
tion in ice.

The size of the dent is determined by its depth and the area over
which it extends.

"According to the Rules of the Soviet Ship Register, dents musi
be eliminated, irrespective of their size. Small dents may be left
unreclified only in those ships in service for which the next planned
overhaul is due shortly.
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Dents are rectified by methods which depend on the dimensions
and the character of the dent, and also on the thickness of the shell
plates. These are as follows:

(1).rectification on the spot , by means of screw or hydraulic jacks,
when_the dent Is small; T

(2)cutting and straightening, followed by welding the cuts (Fig. 42);

(3)_Straightening with preheating and hammering the plate, for
thicknesses not greater than 6 mm,; T

(4)removing the plates and straightening in the shop by means of
straightening rolls or presses, in cases where the dent is large and the

_draming is bent; :
; (5).replacing the damaged
.area by a_welded insert, or
_replacing the damaged plate
“and framing.

. The straightening_ of small
Cut dents on_the spot is done
position  with the help of heating the

dented area to bright red,
which corresponds to a tem-

. i e 2 . perature of 1000-1100°C. The
Fig. 42. Sum%:i,tﬁnl\l\]fc‘hili,sgent by cutting heating should be done slow-

ly and evenly, [rom the side

opposite to the jack, and the
straightening should be done progressively in several steps, starting
from the periphery and working towards thecentre, to avoid damage
to the deformed metal.

When straightening with preliminary cutting, the deformed area
is cut in two directions at right angles, and is then straightened and
welded. The welding is done from the periphery towards the
;:entre, using the backhand-step method; the longer cut is welded
irst.

In straiglitening plates up to 6 mm thick, areas which are to under-
go local heating are marked in the region of the dent; they are then
healed in turn, using a gas torch, o a bright red colour, and are
hammered from the convex side, while supporting the plate from
the other side.

_The most _effective method is the straightening of plates in rolls
and_presses, which are uséd ©o eliminate dents of large dimensions.
Inthiscase the plates argremoved from the hiull and taken to the shop.

It is necessary to remember that after a plate with large deforma-
tions has been straightened it may differ from its original form, and any
holes may not coincide with those present in the framing. The deci-
sion whether such a plate should be used depends on the amount
of loss of original form. If the lack of coincidence between the holes

REPAIR OF THE METAL HULL 95

in the plate and in the framing is slight, they are brought into
alignment by reaming.

Section 23 REPAIR AND REPLACEMENT OF PARTS OF THE
__FRAMING

!
Owing to insufficient ventilation of the forward compartments,
increased_air moisture_is observed in the lIatter, causing corrosion
to the {raming.

" The framing’in the region of the holds is in more favourable _condi-

tions. Natural ventilation of tho holds_promotes drying_of the Tram-

ing and slows down the corrosion process. This,” however, does not

apply to the framing of ships carrying coal, salt, ore, and oil and
distillates,~ o Sall, ore, ant Sl

Salt, which possesses hygroscopic properties, absorbs moisture
direclly from the air forming brine, which has a strong corrosive
action on the metal.

_Coal containing moisture releases gases which attack the metal
framing. Also_harmful to the framing are sulphurous gases, present
in ore, and vapours released by oil-distillation products.

The framing in the machinery compartments can be protected
more easily, since it can always be examined, cleaned, and painted.

The raised temperature of bulkheads of machinery and boiler
compartmonts causes the vaporizalion of moisture contained in the
ciirgo ol eigBouring holds, and loals fo_corrosive attack on the
framing situated near such bulkheads.

In the aiter part of the ship, particularly in the afterpeak where
water is permanently stored, the framing is usually well protected,
since it undergoes periodic cleaning, and painting with cement com-
pounds.

The most unfavourable conditions apply to the framing in the
dohb‘[é"’lﬂ?ﬁ"mﬁ”’vﬂi&é’fﬁhé‘S'er'ifi"é'é""6'61“1'&i‘fi_&fs‘"dh“a"thﬁ‘@eraI”ﬂ'inf-
culiy of access lcad to intensive corrosion . Particularly vulnerable
is the double-bottom framing_in ihe region of ‘the boilers. Here the
plates and the framing are heated, from one side, by the heat coming
from the boilers, while the other side is covered permanently by wa-
ter droplets. As a result of the constant consumption of water, air-
filled spaces are created in the double-bottom tanks, and the interac-
tion of moisture, heat, and oxygen causes corrosion of decking and
framing.

Additional stresses in the framing, especially at the extremities of
the ship, arising from navigation in ice or in stormy weather, may
create deformations and, sometimes, more serious damage.

When deciding on the character and extent of repair work on the
framing, reference is made to the permissible wastage standards of
the Soviet Register, In ships navigating the high seas or oceans, the
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maximum permissible thickness loss is 19-25% of Lhe original scant-
Lings.

Below a descnptlon is glven of the technological processes most
commonly used in the repair and replacement of ships’ framing.

"Replacement of frames, beams, stringers, bulkhead stiffeners, and
other members, Repairs to the framlng like repau‘s to the whole hull
are prec&led by a defect survey. The surveying methods are similar
to those already described in connection with shell plating surveys.

The partial or total replacement of a damaged frame, beam, string-
er, bulkhead stilfener, or other member in fully welded ships 1nvolves
the  cutting out of ﬂle affected part by means of a gas cutter. The
new parts are prepared from templates and are welded to the decks,
‘bulkheads, or shell platmg observmg the _precautions already men-
{ioned “as to_the prevention of shrinkage stresses and deformations.

“When replacing_the above-mentioned parts of the framing in
ariveted hull, the riv rivets are first removed, the damaged members are
‘cut out, the new _parts are prepared from templates and inserted, and
finally they are welded to the rest of the framing and riveted to the
shell Elat1r£g~
“1f’it is_decided to replace the damaged riveted framing by welded
frammg;(and "this is advisable), the work should be preceded by the
preparation- of the workmg “drawings. The" repairing technique will
then depend on the design of the parts involved, taking into account
the requirements of each individual case. ¥

Straightening “of deformed frames, beams, stringers, bulkhead stif-
jeners,” and other members. In the case of fully welded “ships, when
the damaged area is large, it is advisable to cut out the part of the
shell plating, deck, or bulkhead together with the framing, and
to straighten the structural elements in the shop under a press. The
straightened parts are taken back to the ship, fitted, fixed in position,
and wolded. In all this tho requirements mentioned in Section 10
should be observed.

If the extent of damage issmall, straightening can be done on the
spot, with or without™ prohcatmg, using jacks or sledge hammers.
Aller the straightening operation, Lhe welds should bc tosted and,
if necessary,. reconditioned,

In_cases where the framing is very rigid and it is not possible to
straighten it together with the shell plating (a web frame, for exam-
ple), theframingisseparated from the plating by burning out the weld-
ing seams with a gas cutter, when the structure is welded, or by
removing the rivets, if the structure is riveted. Then the framlno and
the plating are stralghtened separately, and the structure is reassem-
bled.

After completing the repair or replacement work, watertightness
tests should be performed.
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Repair and “replacement of “double-bottom” framing and” of boiler
fowgdgj_t_gns ‘One of the methods of ensuring good working condiiions
when repairing the double—bottomframn;g under_the boilers is_the
removal of the boilers from the boiler compartment.

This is expedlent in cases when the deck is opened in the course
of a major repair. It may also be possible to move the boilers to the
hold, which necessitates making a cut-out in the bulkhead, or the
boiler may be taken out of the ship by cutting the side.

Boiler
£Engine-room Coal
bunker
Zone 3
g 2O/ ‘ o Zone 1
L JiL
() ] ﬂ:
L L (. | (. L. L L L k-

72 74 76 78 80 8z

Fig. 43. Division into zones and preparation for repair

If the boilers remain in the ship, the preparatory work involved
in repairing the framing becomes much more complicated. In this
i:ase the access to the double-bottom framing may be ensured as fol-

ows:

(1) Lifting and suspending the boilers on steel ropes.

(2) Lifting the boilers and lowering them on to wooden blocks laid
on dock Iloor. This can be done only when the ship is in drydock and
the plating and framing of the bottom in the region of the boilers
have been removed.

(3) Slightly lifting the boilers above their foundations and lower-
ing them on to wooden blocks laid on the tanktop between the
foundations.

“The first two methods are laborious, and must inevitably involve
the separation from the boilers of pipelines, uptakes, platforms,
gangways, etc. Therefore method (3) is the one which is mainly used
in ship repairing.

‘In ‘this method two piles of packing, consisting of wooden beams,
are placed under each boiler. The top beams are wedged in so that
they take up the full weight of the boilers, relieving the foundations.
The rivets joining the tanktop and the framlng in zone I (Fig. 43)
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are cut by a torch and hammered out. Then the upper part of the
foundation is tack-welded to tho body of the boiler, and the lower
part is cut at a distance of about 200 mm above the tanktop.
Having cut and removed the tanktop in zone 7, the damaged parts
of the framing are replaced. Tanktop plates, previously prepared
in the shop, are taken to the ship, placed on the framing, and welded
to the framing. '
After placing and securing the cut (lower) part of the fouuda@ou
in position, the tack welds joining the upper part of the foundation

Fig. 44. General view of boiler foundations after replacing eradles by pedestals

to the boiler are removed, and this part is lowered on to the lower
part. To keep the surfaces of both parts of the [oundation in the
vertical position, brackets are inserted, and then the foundation
is welded together.

In zone 3 similar operations are performed. Thereafler Ll-xc supportl-
ing packing is dismantled and the boiler is lowered on to its founda-
tions. This is followed by the replacement of the damaged framing
in zone 2, and, finally, by the testing of the double bollom according
to the Rules of the Soviet Register.

If the foundations are badly damaged, they are replaced. As was
shown above, when replacing the foundations it is advisable to lift
the boiler slightly, without taking it off the foundations altogether.
The boiler may be supported by wooden packing as in the case of
repair to the double-bottom framing.
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In ship repairving there arve inslances of replacing the existing
foundations by foundations having a different number of bearing
surfaces, i.e., instead of Lwo_cradles, supporting the_ boiler, four
pedestals may be installed. A general view of the foundations after
replacing the cradles by pedestals is shown in Fig. 44. The replace-
ment of the cradles is carried out in the following order. The intend-
ed positions for the pedestals are marked on the boiler and on the
tanktop. The tanktop and the floors under the pedestals are addition-
ally strengthened by stiffencers. The part of tho cradle occupying

Cradle being
replaced

Fig. 45. Removal of cradles

the intended location of the pedestal is cut out and removed, as
shown in Fig. 45. Doubling plates are fitted and welded to the
tanklop as bases for the pedestals. Supporting brackets 2 (see Fig. 44)
are made and welded to the boiler, and the pedestals I are welded to
the tanktop, leaving a gap of 2-3 mm belween the mating surfaces
of the brackets and pedestals. Two steel wedges are inserted into
this gap. Then, from the measurement of the gap, steel packing
plates are prepared. The boiler is jacked up through 2-3 mm and the
plates arc inserled. The supporting brackets, welded to the boiler, are
bolted together with the pedestals by bolts whose diameter is
2-3 mm less than the diameter of the bolt holes; this compensates for
the linear expansion of the boiler when heated.

Section 24 REPAIR AND REPLACEMENT OF DECKS,
PLATFORMS, AND WOODEN PLANKING

Corrosive damage of deck plating is found mainly in_places of
concentration of water and sludge, and also in areas subjected to tem-

perature effects. These affected areas are usually near hatch'coamings,
superstructure bulkheads, the deck stringer, individual strake and
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butt joints, at side scuppers under sleam piping and foundalions
of deck machinery, and under bollards and fairleads. Equally prone
to corrosion are decks in the region of halch openings where spillage
of the cargo (such as salt) tends to be concentraled. Intensive corro-
sion occurs in deck plating under wood planking, owing to the seepage
of moisture through inadequately caulked joints, and through open-
ings for the studs which hold down the planking, and also in the
region of cracks in decking compounds (especially when the steel deck
surface was inadequately prepared before the compound was laid).

Parls of decks and platforms in compartments may be strongly
affected by corrosion in water drainage arcas, under portholes, wash
basins, radiators belonging to the steam-heating syslem, steam
piping, and in poorly ventilated spaces.

The appearance of various defects in the steel deck in the form
of cleavage of welded and riveted seams, cracks, buckles, and dents
is connected with deck deformations resulting from longitudinal
{lexure of the ship on the seas, incorrect lengthwise distribution
of the cargo, and impacts of cargo during the voyage and during
cargo handling operations.

The wear of decks is observed mainly in corridors of living and
service spaces, in passages between superstructures and deckhouses
or passages belween superstructures and transverse coamings of cargo
hatches, searchlights, or engine- and boiler-room trunking.

The scepage of moisture through deck planking ov cracks in deck
composition is, in a great majority of cases, promoted by poor caulk-
ing, tarring, and stopping work, and the lack of proper mainlenance
in service.

Complete or partial renewal of Lhe deck is necessary when a com-
parison with Soviet Register Rules reveals that the actual reduction
in thickness of the plating is greater than the permissible wastage
limit (15-20% of the original thickness). A defect survey of the deck
similar to that of the shell plating is carried out before Lhe repairs are
undertaken.

_..The work of renewal of the metal deck areas is similar to that
already_described for the shell plating.

Wooden planking. The characteristic defects of wooden planking
are wear, rotting, fungus attack, swelling, desiccation, buckling,
lealés along the joints and at the plugs above the nuts of holding
studs.

The replacement of the planking without repairs to the metal deck
is done as follows. The old planking is removed, which involves
taking out the wooden plugs covering the nuts of the holding studs,
loosening the nuts, and lifting the planks. New planks are cut to size
in shop from stock planks 50-70 mm thick by 120 mm wide. This

is followed by preliminary planing in a rough-planing machine and
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finish planing in a fine-pluning machine. The final operation is the
chamlering of edges to form slots for caulking.

After removing faulty studs and welding new ones with a stud-
welding pistol (Fig. 46), the deck is thoroughly cleaned of sludge
and corrosion products, and is painted with red lead. =~ B

Fig. 46. Stud welding with gun welder

In the new planking stud holes are marked, drilled, and then
drilled out to form sockets for the plugs.
~ Having laid the planks on the deck, they are wedged in, the hold-
ing nuts are tightened (after wrapping caulking hemp, smeared with
white paint, round the studs), and the plugs arc hammered into
their sockets. To prevent moisture penetration, the planking is
planed and caulked, and pitch is poured over the joints (Fig. 47).

A more recent procedure is to fill the joints with a special plastic
strip, instead of using a caulking compound and pitch.

Decks within accommodation spaces are covered with deck compo-
sition (xylolite, Hesna-1, or Hena-2) which has certain technical
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and economic advantages in application and use, in comparison
with wooden plankings. Deck composition does not burn, has good
heat and sound insulating properties, and is cheaper than wood.

Fig. 47. Wooden deck lining

Before applying the deck composition, the metal deck is covered
with a layer of special paint (varnish).
Section 25 REPAIR OF BULKIEADS, SUPERSTRUCTURES
AND DECKHOUSKES

Bulkheads can be flat or corrugated.

If flat bulkheads are replaced by corrugated ones, it is possible
to achieve a 25% reduction in weight and a 35% reduction in labour,
to improve the throughput of material processed by mechanical
means by 45%, and to increase the scope for automatic welding
2-2.5 times. The number of separate structural elements to be worked
can be reduced to a third.

The most advantageous, from the point of view of weight, are
corrugated bulkheads with horizontal corrugations. However, the
difficulties which arise when installing various ships’ systems and
pipelines traversing the bulkheads limit their application. There-
fore the most suitable are bulkheads with trapezoidal corrugations,
‘which are commonly used in dry-cargo ships and, even more widely,
in oil fankers. =~

_Watertight bulkheads in the region of coal bunkers are situaled
in the most unfavourable conditions from the point of view of corro-
‘iip'll} ‘attack. So is the collision bulkhead, if it is next to the chain
ocker.

_All other bulkheads are, as a rule, subjected to strong corrosive
action in their lower parts, especially near gutterways where mois-
‘ture may collect and the ventilation is poor. The upper parts are in
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mare favourable condilions, since their ventilation is better and Lthey
are more accessible to inspection, cleaning, and painting.
Particularly vulnerable are bulkheads of tankers carrying crude

oil and their higher fractions (petrol, kerosine, etc.). Here the upper

parts of the bulkheads are more prone to corrosion than the lower

‘parts; "the former are subjected to petrol vapours and atmospheric

oxygen, and to the action of water when the ship is running in bal-
last. Beuding of bulkhecad plates and stiffeners, parling of welded
and riveted seams, and also various forms of cracking may arise as
aresult of the additional loads on the bulkheads caused by occasional
impacts.

Bulkhead repairs with partial or complete renewal, elimination
of water or gas leaks in the welded or riveted seams, and the straighten-
ing of plates and welding of cracks are carried out in the same way
as shell plating or deck repairs.

The causes of deterioration of metal superstructures and deckhouses,
and the execution of repairs are largely similar to those already
described for the shell plating and decks; therefore the determination
of the character and extent of the damage, and of suitable repair
procedures, is carried out according to the methods and permissible
wastage rules already described.

In major repairs, involving the recnewal of superstructures and
deckhouses, the method of block fabrication is used, so as to shorten
the docking period. 'Therefore, even before the ship is docked, the
repair yard starts the fabrication of the sections and blocks which
will eventually be fitted and welded in the ship. The maximum amount
of outfitting work on the prefabricated sections, such as the installa-
tion of pipelines, portholes, etc., is carried out in the shop. The
dimensions and the weight of the sections are conditioned by the
lifting and transporting facililies available in the yard.

Section 26 REPATR OF STEM AND STERN IFFRAMES, AND OF
SHAFT BRACKETS

Stem and stern frames, and shaft brackets are among the prin-
cipal parts of the hull. They can be cast, forged, or welded.

The impacts to which the stem or the stern frame may be subjected
when coming in contact with hard objects (gquays, shoals, ice) can
cause cracks, deformations, or fractures in these parts.

Cracks in stems, stern frames, and shaft brackets may be repaired
by welding. In repair work it is necessary first to remove the adjoin-
ing shell plating to have a free access to the crack; the edges of the
crack are prepared for welding from both sides. The welding is done
by qualified welders with high-quality electrodes.

The straightening of the stem or stern frame presents considerable

difficultics. Stems with light scantlings can be straightened on the
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spot by mecans of hydraulic jacks, having first healed the damaged
part with a gas torch. When the deformation is large and the scant-
lings heavy, it is advisable to cut out the damaged portion, take
it to the repair shop, straighten it in a hydraulic press, and weld
it back in place. Sometimes the repair of the bent stem or stern franie
is done by replacing the damaged part with a new one, with subse-
quent welding.

Part of stem being replacead

Part of stem being replaced

Tolerances / K
x-=25°% p-2]
a+{ : %‘? i B-22.5° | $:40-60
(6)

Fig. 48. Edge preparation for stem and stern frame repairs:
a—I[or thickness S < 40 mm; b-—{for thickness 8§ = 40 to 60 mm

Depending on the cross section of the stem or stern frame, Lhe pre-
paration for welding is done as shown in Fig. 48¢ and b. Repairing
badly cracked stems, stern frames, and shaft brackets, or making
joints in them, is done by electroslag welding or automatic sub-
merged-arc welding. '

To exemplify the repairs to the stem and the stern frame, two
methods are described below, taken from procedures used in repair-
ing yards.

tf REPAIR OF STEM

The stem and the adjoining shell plates 777 and IV were found
to contain cracks and deformations (Fig. 49a). The repair work was
executed as follows. (

Along a portion of the stem about 4,000 mm long the rivets were
removed, the plating was forced away from the stem by wedges, and
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the dechLive part was cut out (Fig. 49b). This was straightened in the
shop, with preheating up to 900-1000°C. After the edges of the remain-
ing parts of the stem and the shell plating had been prepared for

Index mark

Fig. 50. Welding sequence for Tig. 51. Repair of stern
replaced portion of plating: frame
I, II, III—main weld directions

}veldl‘ng,_ the repaired part of the stem was fitled back and welded
in position. V

The portion of the shell plating that was being renewed was pre-
pared from a template (Fig. 490), fitted in place, tack-welded with elec-
Iric arc, and finally welded by the backhand-step method (Fig. 50).
Then the rivet holes were reamed and countersunk, and new rivets
were driven in.

The cracks in the third strake of shell plating, situated above the
new part of the stem (see Fig. 49), were welded over, the welding
direction being towards the free edge of the plating.

REPAIR OF THE METAL HULL 107

“2] REPAIR OF STERN FRAME

It was necessary to replace the rudder post and the lower part
of the propeller post (Fig. 51).

First the shell plating adjoining the stern frame was removed and
the damaged part of the rudder post and the lower part of the propel-
ler post were cut off. For correct fitling of the new portion of the
stern frame, index marks were made, one on the bridge at a distance
of 750 mm from the centre of the top gudgeon, and the other on the
upper part of the rudder post, 1,000 mm above the same gudgeon.

After edge preparation of the remaining portions of the stern frame,
the new part was fitted in place, using aligning strings; after tack
welding ils position was checked with the index marks. The sepa-
rate welded joints in the stern frame were made simultaneously by
two welders.




[image: image24.png]Chapter IV | DOCKING OF SHIDPS

Section 27 ) METHODS OF DOCKING

The technical and economic factors governing the ship in service
(speed, fuel consumption, transport costs) depend largely on the
condition of the underwater hull; therefore the docking periods
arce specified in the Statement on the Repairving of Ships by the
Ministry of Sea Transport, according to the type, navigalion zone,
and speed of the ship.

For cleaning, inspecting for defects, repairing, and painting the
underwater hull various complex facilities are used, such as dry-
docks, wet docks, floating docks, longitudinal or transverseslip
docks, slip berths.

Docking repairs comprise repairs to the shell plating and framing
below the waterline and to the associated installations, fittings,
and other parts, such as the rudder, propeller, and stern Lubes.

Docking of ships in a drydock or ‘floating dock is done by one
of three methods, described below.

The method is chosen according to the size of the ship, hull form
and the number of ships that are docked simultaneously.

The most common procedure is one in which the ship, having
a parallel middle body, is set on keel blocks distributed along the
centre line of the dock floor, and on side blocks with appropriate
packing wedges (Fig. 52).

The location and height of the side blocks depend on the deadrise
and on the need of avoiding the hull appendages.

The second (so-called Maltese) method is for the finer hull forms.
The keel of the ship rests on keel blocks, and the sides are supported
by shores abutting against the walls of the dock (Fig. 53).

In both the first and the second methods the availability of the
dock plan is not essential. '

For the disposition of the keel blocks and side blocks it is sufficient
to know the main dimensions of the ship, the angle of deadrise,
and to make sure there are no appendages in the underwater portion
of the hull. In the Maltese method it is also necessary to know the
breadth of the ship, the distance between the dock walls, and the
inclination of the side shores.
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The third method consisls in supporting the hull on keel blocks
and bilge shores, or only on bilge shores (Fig. 54). The form and
height of the shores and their location are determined from the

Fig. 52. Docking a ship with long  Fig. 53. Docking a ship using the Mal-
parallel middle body using three tese method
rows of blocks

hull lines plan. As a rule, the shores are placed in way of the bulk-
heads. In cases where the weight of the ship is taken up by the keel
blocks, the main function of the shores is to keep the ship upright.

The third method is the most complex and laborious; it is used
when the Maltese method is not suitable (when docking special

Fig. 54. Docking a ship with fine hull lines using Dbilge shores

types of ships with a complicated form, or when a number of ships
are docked simultaneously).

Special consideration should be given to the docking of heavy,
short ships (for example, icebreakers). In such cases the load per
metre run of the dock floor may exceed this permissible limit (60-
70 tons), which may cause unacceptable deformations in the body
of the dock. Therefore, before the docking of such ships, special
strength calculations should be made and measures taken to ensure
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the safety of the dock and ship. Similar calculations should also
be performed when docking ships with overhang (when the length
of the ship exceeds that of the deck), and when the ships carry bal-
last or have a list or trim.

When putting ships in drydocks the preparatory operations (sct-
ting of keel blocks) are similar to those described above for floating
docks. The only difference is that with floating docks, the ship comes
to rest on the keel blocks as a result of discharging ballast from the
flooding compartments of the dock, whereas in drydocks the ship
settles down as the water in the dock is pumped out and the level
drops.

To make better use of the lifting capacity of docks, various meth-
ods of docking several ships simultaneously are used. Before
docking it is essential to work out a docking plan which must take
into consideration the amount of repair work for cach ship, the
sequence of docking and undocking, the distance between the ships
to ensure convenience and safety, and also the character of the pre-
liminary operations that are necessary.

In accordance with the Provisional Rules for the Utilization of
Docking Facilities, the docking operations must be preceded by
a thorough preparation of the ship as well as the dock.

1 The preparation of the dock starts with the cleaning of the dock
oor.

After this the keel blocks are lined up and levelled, and the bilge
shores (of normal or special construction) are erected, or alterna-
tively, the side shores are prepared.

On the centre line of the keel blocks the positions of the stem and
stern frame are marked. The distance between the stem and stern
frame is determined from the plan of the ship. Marks are made on the
deck of the ship which correspond to those on the keel blocks. Be-
tween the sides of the dock steel cables are strung, carrying plumb
lines over the centre line of the keel blocks and marking the position
of the stem and stern frame.

While the ship is being put in dock the cables are removed, but
they are replaced when the ship is docked.

In_preparing the ship for docking it is necessary to take steps
to reduce its weight, but it must be remembered that the removal
of superfluous weight will affect the height of the ship’s centre of
gravity and therefore its stability. Therefore, to avoid negative
stability, it is necessary first to discharge the cargo situated above
the centre of gravity of the ship.

As part of the preparation of the ship for docking it is necessary
to discharge the fuel and water ballast, and to fasten securely any
loads that may shift. The fuel bunkers and the cargo compartments
of tankers should be freed of gas, the boilers should be blown through
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and shut down, the mooring and towing gear should be checked and
made serviceable. Before docking any list should be corrected, and
the trim should be reduced to a minimum, its magnitude having
been agreed with the dock master. Docking preparations also include
the necessary fire-safety and sanitary precautions.

The exact volume of preparatory work depends on the intended
repairs to be carried out in the dock.

Having prepared the ship and the dock, the dock is flooded, or,
if it is of the Moating type, is ballasted. The depth of water in the
dock is adjusted so that there is clearance between the ship bottom
and the highest shores to avoid damaging them when the ship is
brought in.

Usually two tugs are used to dock:the ship. Before entering the
dock, the tow ropes at the fore end of the ship are transferred to the
dock bollards and the ship is gradually warped in, while steadying
it with the second tug, until it reaches the required position above
the keel blocks. The final alignment is made with the aid of the
plumb lines and the deck marks made previously. '

If any positioning inaccuracies are observed during the initial
docking period, the dock is again flooded or ballasted (as approp-
riate) and the ship realigned; thereafter the ship is finally allowed
to settle on the blocks, its correct position having been checked by
divers.

10 any_list_should appear when_the weight of the ship is being
taken up by the blocks, it is not permitted to try to correct this
by shifting weights in the ship or altering the ballast. Instead, the
docking operation should Dbe stopped, and divers should be sent
down to make a survey on the basis of which the safe docking pro-
cedure should be decided.

When the ship is lifted in a floating dock the deformations of the
dock are observed with the aid of a deflection gauge.

Duriug the repairs in dock, and belore refloating the ship, the
tightness of the hull is checked (see Section 7).

After the repairs have been completed and accepted, in accordance
with the requirements of the Soviet Register, a_document certifying
the readiness of the ship to be refloated is prepared. This document.
lists the main Tepair jobs carried out, and assesses their quality,
and also states the time spent by the ship in dock. A copy of the
document, presented to the dock master, serves as the instrument
authorizing the undocking of the ship.

Before undocking a thorough inspection of the underwater parts
is made, paying particular attention to the repaired regions, to
check if any openings have been left or detect other possible omis-
sions. The weight distribution in the ship should be made to corre-
spond to that existing at the time of docking. Again all the safety
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measures taken at the time of docking should be taken: shiftable
loads should be secured, manholes, portholes and hatches should
be closed, the dock should be cleared, etc.

Undocking begins by flooding the drydock, or by ballasting the
floating dock. Before the ship is floated off, the flooding (of the
drydock) or the ballasting (of the floating dock) is interrupted for
a time sufficient to permit a thorough check of hull tightness; after
this the operation is resumed until the ship is fully afloat.

The ship is taken out of dock with the aid of warping winches and

[Docking of ships in slip docks or slip berths.\The slip dock is a facil-
ity for taking the ship out of the water and consists of a sloping
surface with a slipway reaching below the water surface. Along this
slipway trolleys are lowered and placed under the ship; the trolieys
together with the ship resting on them are hauled back by means
of winches on to the above-water part of the slipway. A general
view of the slip dock is shown in Fig. 55, and a trolley is illustrated
in Fig. 56.

When docking ships with rounded bottoms, wedges or suitably
shaped side shores are erected and sccured to the trolleys or to the
floor of the floating dock, to prevent the ship from heeling over.
The trolleys are then lowered along the inclined slipway and sub-
merged to a depth which will leave a clearance between the upper edge
of the trolley and the ship’s bottom, in ovder to avoid damage Lo
blocks or shores when the ship is being positioned. The ship’s draught
is reduced to a minimum, and list and trim are eliminated. The
ship is brought into the dock basin and positioned over the trolleys;
it is aligned with the aid of angle brackets previously attached to the
trolley or by markers on the slip. After the ship has been lined
up over the trolleys, its position is fixed by mooring it to the angle
brackets or by means of tackles fastened at one end to the trolleys.
Thereafter the trolleys are slowly winched up, while at the sime
time the mooring ropes or tackles are shortened to keep the ship
in the same relative position to the trolleys until the keel makes
contact with the trolley. When the ship is properly settled on the
trolley (position 7, Fig. 57), the winching proceeds more quickly
and the ship is hauled up to the end of the inclined slipway, which
overlapsthe horizontal part of the slipway by about two ship breadths
(position /7). Then another set of trolleys is brought along the hori-
zontal tracks running between the inclined tracks; these trolleys
have tilting-axis wheels and hydraulic jacks. The ship is transferred
on to these trolleys and is moved along the horizontal slipway until
it reaches the cross tracks (position 777). The trolley wheels are
tilted through 90° in alignment with the cross tracks, and the ship
is moved to the wing of the slip (position 7V). Here the ship is trans-

Fig. 56. Slipway trolley
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ferred to ordinary blocks and the Lrolleys are freed for use with the
next ship.

In the case of a slip berth the docking operation is carried oul in
a similar manner as with a slip dock, the slip berth differs Jrom
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Y¥ig. 57. Hauling the ship up on Lo the slip

the slip dock in that it has no cross tracks. Consequently only one
or, at most; tWwo ships can be accommodated together, and the first
ship cannot be refloated before the second. With a slip dock, on the
other hand, it is possible to refloat ships in any desired order.

Slip docks and berths are found mainly at riversides, since their
lifting capacity is, as yet, limited (2,000-3,000 tons). The capacily
of the majority of existing installations does nol exceed 1,000-
1,500 tons.
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Section 28 CLEANING THE HULL

Work in dock starts with cleaning the hull of fouling organisms,
old paint, and corrosion products; the hull is also inspected to assess
the amount and the character of the repair work to be done.

Several methods of hull cleaning are known. They include manual
or mechanized cleaning using impact devices, sand blasting, wet
sand Dblasting, water-jet blasting, shot blasting, and electrolytic
cleaning.

Manual and mechanized cleaning with impact devices (pneumatic
and multiple hammers, Dorokhov's apparatus, Malakhovsky's
air turbines) has low productivity and is practically inapplicable
where access is difficult. The productivity of pneumatic hammers
is very low, amounting to 1-2 m2/hr. The productivity of Dorokhov’s
apparatus and of Malakhovsky's turbine is 4-6 m?/hr. The cleaning

ability is satisfactory but the metal surface is scored by the impact-
producing paris of the devices, which causes an intensive acceleration
ol thé cofrosion process. = ,

{Sand blasting|is widely used for the cleaning of steel, and is done
in special compartments in the hull production shops or foundries.
This method gives a well-cleaned surlace and a relatively high pro-
ductivity (7-8m? /hr). TTowever, for the cleaning of hulls in dock,
this method has not found a wide application because of the large
amount of dust that is generated which creates bad working condi-
tions, the need for collecting the sand from the dock floor, the danger
of the dust penetrating into the rubbing parts of ship and dock ma-
chinery, and the large expenditure of the special sand that is used
in the process. This method is used in slip docks, but not often.

\Wel sand blastingf In this method the sand is carried in a surround-
ing water jet discharged from a nozzle. Special blasting guns are
used, fed with sand aund waler.

Wet sand blasting devices are used to some extent for cleaning
the underwater hulls of docked ships. The productivity of this
method is 20% less than with dry sand blasting.

The advantage of wet sand blasting lies in the suppression of dust
by the water stream. The disadvantage is the large expenditure
of sand and the deposition of sand in the dock.

[ Waler-jet Dlasting| of the underwater hull to clean off fouling
organisms and old paint is done with the ship afloat, by means
ol a high-pressure water jet delivered by a monitor. This method
has not found a wide application.

[ Electrolytic cleaninglis done with the ship afloat, before docking.
The method was developed by engineer I. Marin, and is as follows.
Along the sides and under the bottom of the hull metal bars are .
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laid, which act as anodes. The hull is the cathode and the sca waler
acts as the electrolyte (Fig. 58).

When current passes round the circuit anode—eclectrolyte—cath-
ode, large amounts of hydrogen are liberated from the hull surface
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Fig. 58. Electrolytic hull cleaning

under the corrosion products, breaking up rust and removing it feom
the surface.

Shot blasting. This method must be regarded as the most promlsmg
being free from the disadvantages thal accompany dry or wet sand
1)last1ng

In shot blasting special equipment is used whose working principle
is as follows. A hood moves over the surface to be cleaned, held
to the latter by a vacuum. Through a nozzle inside the hood cast
iron shot is projected on to the surface by a high-speed air jet.

The shot, fouling organisms, and corrosion products are drawn off
by a vacuum and are collected in a special hopper. The shot is sepa-

DOCKXING OF SHIPS 117

rated and re-used. The cleaning efficiency and general effectiveness
of this method are high.

The use of ultrasonics for combating the fouling of the hull is to
be regarded as an elfective method.

Section 29 INSPECTING THE UN])ER\\ATLR nUlL AND
ASSESSING THE AMOUNT OF REPAIR WORK

Alter cleaning the hull comes the inspeclion to assess the extent
and character of the repair work to be done. The inspection is carried
out by a commission consisting of representatives of the repair yard,
the authority which operates the ship, and the Docking Inspectorate
of the Soviet Register. After inspection a docking survey report
is prepared which is the principal document authorizing the exe-
cution of the repair work. This report specifies the duration of the
docking period as well as indicating the volume and character of the
work to be performed.

The inspection should reveal the following:

(1) parts aifected by corrosion;

(2) cracks in the shell plating and elements of framing;

(3) deformations and dents in plating and framing;

(4) actual thickness of shell plating and framing members.

To reveal the presence of such defects the inspection procedure
includes the tapping of weak rivels, excavaling suspecled cracks,
chalk-kerosine tesls, measuring plate thickness by thickness gauges,
and finding the size and depth of dents in the plating and bends

Jin the fmmmg, "Detailed methods of inspection for defects have

been presented in Chapter I.

Typical repairing operations executed on the underwater hull
are the following:

(1) replacement of shell plates and structural elements of the
double bottom and [raming;

(2) levelling of dents and straightening of framing;

(3) elimination of cracks and leaks;

(%) repaiv of stem and stern [rames;

(5) repair of rudder, stern tube, and appendages.

To carry out repairs of the shell plating in places where access
is obstructed by keel blocks, ordinary keel blocks are replaced by spe-
cial dismountable keel blocks.

When repairing or replacing side plating, it is necessary to use
staging placed round the hull.

Wooden staging with several tiers requires a large amount of sawn
timber, much of which has to be discarded after the staging is disman-
tled. Furthermore, the preparation of wooden staging is time-con-
suming.
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Therefore the permanent metal staging, developed and used by ship
repairing yards at Riga and elsewhere, is noteworthy (Fig. 59).
This staging comprises guiding and extendible elements. From
the guiding beams, attached to girders of the pontoon dock, the hori-
zontal girders can be freely extended; their span can be adjusted
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Fig. 59. Metal slaging designed at Riga ship repairing yard

to the breadth of the docked ship. Wooden boards or planks are laid
on these extendible girders.

The use of staging of this type has confirmed its convenience,
economy aund durability.

Section 30 METHODS OF UNCOVERING PARTS OF THE
UNDERWATER HULL TO CARRY OUT REPAIRS
WITH THE SHIP AFLOAT

The methods of repairing the underwater hull that have been
described above are suitable for conditions existing in repair yards,
where the ship can be put in a drydock or repair slip.

When such procedures are not possible, the part of the hull that
ha.s to be repaired can be uncovered by trimming or heeling the
ship, by using caissons, or by “freezing out”, i.e., allowing the ship
to become icebound and hacking access pits in the ice.

Heeling and trimming allow repairs to be carried out to the side
pl}}ldng and framing ex{ending from the sheer strake to the bilge
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strake. The stem and stern frame, together with the adjoining plating,
the propeller, the rudder, and the stern tube can also be repaired
n this way. 16 5

Meecling can be done by admitting water ballast to double-bottom
compartments, cisterns, and tanks, situated at the side of the ship,
or by a suitable distribution of weights. Before the heeling operation
a checkup caleulation should be made to assess thé maximum permis-
sible heeling angle, taking into account the loads imposed on the
various structural elements of the hull.

Trimming is achieved by admitting water ballast to the eud com-
partments of the ship. The trimming operation can also be performed
with the aid of pontoons, floating cranes, or dock-side tackle, placed
ander one end of the ship. The trimming operation should be pre-
coded by preliminary stability and hull strength calculations.

Before heeling ov trimming the ship should be lightened as much
as possible, to reduce its draught, by removing superfluous weights,
fuel, lubricants, and boiler and drinking water.

The hull uncovering operations are executed in locations removed
from navigation channels and sheltered from wind and waves. All
portholes should be shut tight.

The repair work in the uncovered zones of the hull is executed
from suspended staging or from pontoons. The working positions
are supplied with clectric lighling and power, and with compressed
air, from the mains of the ship under repair, floating cranes, or spe-
cial floating repair stations.

{The use of caissons.\Caissons ensure access for repairs to practically
any part of the underwater hull. As regards their design, caissons
can be of three kinds: side, bottom, or ship-end caissons. Caissons
can be constructed of wood or metal, or they can be of the composite
type—metal for the framing, and wood for the shell.

The size of the caissons should be adequale to accommodate the
men doing the repairs and Lo allow the handling of the necessary
repair material.

A ship-side caisson (Fig. 60) has a bottom structure and side
walls, and two butt walls which fit to the part of the hull under
repair. The lower and upper parts of the caisson are fitted with cleats
and brackets for lifting or fastening to the hull. Before the caisson
is put in position, the ship is moved to sheltered waters. The caisson
is brought by crane, lowered, and, after having been positioned,
is securely held against the hull by ropes fastened to the cleats
with which the caisson is provided. The ropes round the cleats
in the upper part of the caisson are led to the ship’s deck, and those
round the lower cleats are passed under the bottom, up the opposite
side, and on deck, where they are tied round bollards or the founda-
tions of deck machinery.
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After a diver has made an inspection, and the gaps between the
caisson and the hull have been sealed by solt packing, the water
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Fig. 60. Ship-side caisson:
1—ship side; &—caisson; 3— hole

is pumped out; this makes the caisson adhere tightly to the hull
under the pressure of the surrounding water. '

The top of a ship-side caisson emerges about 1-1.5 m above the
waterline, to prevent flooding.

Wooden caissons are lowered to the
required draught by placing ballast
inside them.

A ship-bottom caisson (Fig. 61) con-
sists ol four walls and a bottom, and
resembles two  side caissons joined
together.

Ship-end caissons (Figs. 62 and 63)
are intended for repairing the extrem-
ities of the ship. These can be subdi-
vided into bow caissons and stern
caissons,

In their turn, bow caissons can be
grouped into small ones—lor repairing
the stem and  the adjoining plating,
and large ones—[or repairing damage Caisson
to the fore part of the ship.

Stern caissons are used in repairing
propellers, rudders and propeller shafl — Fig. 610 Ship-bollom  caisson
brackets. Large stern caissons are
necessary when repairing the ship’s stern areas, replacing shell
plates, and removal of propeller shalting when carrying out repairs to
the stern tube.

The sequence of operations in placing bottom or end caissons
is the same as with side caissons.
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When deciding whether caissons should be used, il is neenssary
to take into consideration the installation expenses involved.

Freezing out of small ships is done in ship repair vards in the
northern basins, where the winter is cold, long, and stable. Freezing
out has found its widest application in riverside repair yards.

Fig. 62. Ship-end caisson (for stern):
1—ship; 2—small caisson; 3-——large caisson

It entails the progressive removal of ice along and sometimes under
the hull of an ice-bound ship to form pits or trenches in the ice,
allowing access Lo the parts under rvepair. First the ice is remaoved
down to hallits depth, and later, as more ice is formed. on the under-
side ol the jce crust at the worked areas, some further ice layers are

Z

Fig. 63. Ship-end caisson (for bows):
1-—hows of ship; 2—caisson; 3-—ballast

remaved, until the damaged area of the hull is fully uncovered;
the areas uncovered in this way may be 2-2.5 m long and 1-1.5 m
wide. Between them ice dykes 500-600 mm wide are left to prevent
Nooding of the whole frozen-out area in the event of one section
starting to fill up. ) )

The whole underwater hull can be frozen out using this method
of pits and dykes. Then, during the repair work, the dykes may be
replaced by ordinary shoring.
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The depth of the trenches under the hull is made 700-800 mum.
When freezing out a group ol ships in this [ashion, the place is
so chosen that the depth of the ice under the keel should not he less

Fig. 64. Freezing out and repairing the ship

than 1.5 m: the positioning of the ships depends on the available
water and ice arcas and other local conditions.

Fig. 64 shows the uncovering of the underwater hull by [reezing
oul.

Among the drawbacks of this method are the slow and laborious
process of freezing out, dilficult working conditions in executing
the repairs, which impair productivity, and also low guality of the
welding or riveting work, due to rapid cooling of the metal.

Section 31 TEMPORARY REPAIRS OF THE HULL WHEN
AFLOAT
The types of damage that can be temporarily repaired before the
ship is brought in for docking include parted seams, holes, and wast-
age of hull parts. Such defects can be temporarily repaired by patching
up or applying layers of concrete or reinforced concrete.
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For Lemporary repaivs of holes pliable, semirigid, or rigid palches
may be used. Pliable patches are used in cases when the shell plate
cdges in the zone of the hole are directed towards the inside of the
hull. Semirigid patches can withstand a greater load than the pliable
ones. The semirigid patches can be made from wooden planks of
40-60 mm thickness, covered on both sides by a double layer of canvas.

The most commonly used patches of the rigid type are the so-
called Swedish patehes, made of planks of various thickness Taid in
several layers and covered with one or two layers of thick canvas
coated with red lead or pitch.

The stopping of holes with patches of any type is doune as {ollows.
The prepared patch is laid on deck above the damaged spot. Having
prepared the underkeel and the upper strapping ropes, the patch
islowered from the deck, while at the same time the underkeel strap-
ping ropes are taken up from the opposite side. After the patch has
been brought close to the damaged zone, the ropes are led to winches
and capstans for tightening; thereafter the patch is fixed in place
and the flooded compartment is pumped dry. .

The repair of the various clements of the metal hull using concrete
or reinforced conerele is execuled to eliminate the elfects of damage
(holing of the hull) and wastage of hull parts in cases when other
repair procedures are uneconomical. Stopping of holes with concrete
is done by casting: the cement used for this purpose should have
high binding properties and quick-hardening characteristics and
also a quickly increasing mechanical strength. '

Portland cement is mostly used; it sets 30 min after application,
and hardens after 12 hours.

The concreting of holes is done in the following sequence. A patch
islaid on the outside, while the inside damage zone is cleaned of sludge,
paint and rust. Over the hole wooden shuttering is prepared into
which the cement mix is poured in and rammed. The cementing
should be done in a continuous operation, and as rapidly as possible.
The shuttering is removed when the cement hardens.

When repairing wasted structural elements of the hull, a wet
cement mass is deposited with an air-operated cement gun (guniting
method). Before spraying, the surface is thoroughly cleaued of sludge,
paint, and rust, and is washed with 10-15% solution of caustic soda.

The ratio of cement Lo sand in the mix ranges from 1 : 2 to 1 : 4.
After the cement gun has been loaded with the mix, clean water
is added to produce a mix with a 5-8% water content, and the com-
pressed air supply is connected (from a compressor). The air pressure
at the gun, with a hose 25-30 m long, should be 2-2.5 atm. This
should be increased if the hose is longer and the operating position

is high. The velocity of sprayed particles of the cement mix is
120-150 m/sec.
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A substantial advantage of guniting over ovdinary concrete is the
much higher density of the deposited layer, as well as better bonding
with the steel surface.

In spite of the simplicity and economy of the concreting process,
it is not used widely in ship repairing owing to the hrittleness of the
concrete and its weight.

The repairing methods described in this section are of a temporary
character and are not, under any circumstances, to be regarded as
methods to be used in repair yards.
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Section 35 REPAII OF RUDDER

The rudder and its associaled parts are subject to heavier working
condilions than many other components. The parls most sub]cct
to damage and wear are pintles, gudgeons, rudder stock and rudder
blade.

The {requent movements of the rudder. from side Lo side cause
wear of the working surfaces of the pinlles, which, in addition,
sulfer from corrosion attack, which increases the clearances in the
pivoled joints. The contact of the bronze bushings, press-fitted
into the rudder post gudgeons, with steel promotes corrosion of the
gudgeons, leading to the loosening of the bushes.

When large clearances are present between the rudder pinﬂee
and the gudgeons, dynamic forces appear as a resull of wave aclion
on the rudder blade, and damnage is caused to the gudgeons and
bushes.

Cracking, bending, or {racture of rudder pintles is seldom encoun-
terved.

Repairs to the rudder arve preceded by dismantling the rudder and
assessing the damage.

Before dismantling ihe rudder and other components, a lifting
tackle with a suitable lifting capacity is set up, and a safe working
platlorm is erccted al Lhe stern.

During dismantling the parts are marked to show where they
belong and indicate their correct relative positions.

In dismantling and taking off the rudder, the first task is to discon-
nect Lthe chain or Lo dismantle the link mechanism, depending on the
coustruction of the steering mechanism. Having disconnected the
rudder hrake, the toothed quadrant is unmeshed and the quadrant
and tiller are Laken off with the aid of a special devige (Fig. 70).
Then the rudderhead gland and the rudder carrier are dismantled.
Tuto the top of the rudderhead an eye screw is screwed in, the flange
or scarf coupling between the rudderhead and the rudderstock is
disconnecied, the rudderhead is slung up and secured in a position
in which the flange is turned towards the ship side. Having removed
the top pintle, the rudder is turned away from the rudderhead, and
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is lifted with a crane until the pintles are [ree of the gudgeons.
The rudder is then moved clear of the counter and is laid on the
dock floor. Next the rudderhead is lowered gradually, taken out
of the rudder trunk, and also laid on the dock floor.

In accordance with the provisional instructions on the inspectlion
of sea-going ships issued by the Soviet Register, the permissibic
wear_on the pintles is up to
T%o0f the original diameter;
for pintles with bronze sleeves
the permissible wear is up
10 5% The maximum permis-
sible pintle clearance is 10%a0
of pintle diameter. The wear
ol the pintles and their sleeves
is found by micrometric moeas-
uremenls al  three posilions
along the cylindrical part of
the pintle, taken in two direc-
tions at right angles Lo cach
other.

When it is necessary Lo re-
place the bronze sleeve, the old
sleeve s machined off in a
lathe. Having prepared a blank
for the new sleeve, the casling
quality is checked and the
Fig. 70. Device for pulling the tiller  absence of cavities and inclu-

off rudderhead: sions is ascerlained. Then Lhe
[Spuiemeats s uller S, heat;  blank is bored out (o an intor-
lic jack; 7—hand pump nal diameter suitable for
’ shrink-fitting with ashrinkage
of 0.0005-0.0008 of the external diamecter of the cylindrical part
of the pintle, and, after healing to 400°C, the sleeve is pressed on
the pintle. The final machining ol the external diameter of the sleeve
is done in a lathe; the sleeve is turned down Lo the nccessary
diameter allowing for the fitting clearance in the gudgeons which
should be within the limits 0.01-0.015 of the pintle diameler.
_ I a pintle is damaged by corrosion, new meclal is deposiled by
electric-arc welding, and the pintle is machined in a lalhe.

If the pintle holes in the rudder snugs are oul of alignment, the
conical part of each pintle is finish-machined, and the pintles are
fitted (using paint marks) in the rudder snugs. Then strings are
stretched in two perpendicular planes (Fig. 71) and act as guides
for index lines on both butt ends of each pintle, whose interscetlions
give the new centres for the final machining of the cylindrical part
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of the pintle, which will allow for the misalignment of the pintle
holes in the rudder snugs.

The base points for the strings are the machined rudderhead jour-
nal, the mating surface between the rudderhead and tiller, and the
last (lowermosl) pintle.

A more correct procedure for rectifying the misalignment of the
pintle holes is to build a metal layer within the holes by deposit
welding and then bore ount™ 7777 .
the conical holes in the
rudder snugs with a port-
able boring rig.

The neeessary marking
oul for the boring operation
is carried out as in Lhe
preceding case.

The misalignment of the
rudder posl gudgeons is
checked by stretching a
string through the gudgeon
holes. The reference base
is the rudderhead gland in
the rudder carricr. Using
the string as the reference
line, perpendicular  index
lines are marked on the
gudgeon faces. After the

string has Dbeen removed, ) ) . )
the intersection of these Fig. 71. Checking position of axis of rota-

i il indicate il tion of rudder by means of string:
1nes ‘.Vl Indlcate ihe cen- Ry, Ry, ha, hg, hg, hg—distances from string fo
tre points of the gudgeons, ruuderhead and pintles in horizontal plane;

!.(m”d which circles mark- et hrz:x'(l,('l%:'r){’(é:;fll“:;fn(Ill;'i)i_;;;lliqi'tair:f?nr{irco:gl psll:xrling t©
ing  the Dbores of the
gudgeon holes are drawn.

If the existing centres of the gudgeon holes are displaced, rela-
tively to the sitring, by more than 0.5 mm, the misalignment is
eliminated by deposit welding, with subsequent boring out of the
gudgeon holes in preparation for the insertion of the bushes. The
boring-out operation is performed by means of a porlable drilling
rig, which is positioned after the necessary alignment (Fig. 72).
After boring out, the concentrically bored-out new bushings are
pressed in. If, for any reason, it is impossible to bore out the gudgeon
holes, the defect is corrected by inserting eccentrically bored-out
bushes.

The bushes, fully machined on the outside, but provisionally
machined on the inside (allowing for the final eccentric boring out),
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are pressed into the gudgeon holes and are marked Lo fix the position
of cach bush in its hole. Then the cenlring lines are scribed on the
bush with the aid of a string, in the same way as already described.

7

Temporarily
welded studs

e J

Fig. 72. Device for boring out gudgeons in rudder post:

I—electric motor; 2-—boring bar; 3—articulated joint; 4—reduction geaving: 5-—canlile-
ver brackel; 6—cutler

The bushes are taken out of their holes and the displacement of the
centres is delermined, and a new bore is marked from the new cent-e.

Having bored the bushes in a lathe, according to the bore markings
and taking into consideration the dimensions of the pintles plus
the fitting clearance which should be 0.01-0.015 of the piuntle diame-
ter, the bushes are pressed into the gudgcon holes and sockets are
inserted.

The damage to rudder post gudgeons may take the form of wear

Of the bronze bushes or lignum vitae staves, or corrosion may take
place. :
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The restoralion of original dimensions of gudgeons or individual
parls of the sternpost is achieved by electric deposit welding, with
subsequent machining in place.

Worn sockets are, as a rule, replaced by new ones, which are
subjecled to heat treatment (case hardening and quenching).

The most characteristic and frequent defects of the rudderhead
are wear of the journal, corrosion damage, twisting, cracking, bend-
ing, and fracture. The journal wears non-uniformly if the pintles
are worn or the rudderhead gland is displaced. Corrosion damage
is observed mainly where the cylindrical part widens into the flange.
Sometimes corrosion is found also in the journal inside the stuffing
gland in the rudder trunk. Impacts of waves or hard objects against
the rudder cause mechanical damage to the rudderhead.

The character and extent of wear of the rudderhead journal are
determined, as in the case of the pintles, by a micrometric caliper
gauge in at least three positions along the journal, and in two planes
perpendicular to each other.

The restoration of the original dimensions of the journal is done
by building-up with subsequent machining. '

Before building-up, the journal is machined in a lathe or with
a grinding wheel down to clean metal, completely eliminating
corrosion impurities, abrasions, and other defects.

Building-up is done with an allowance of 5-10 mm for machining;
welding is followed by annealing the reclaimed part and the adjoin-
ing metal at a temperature of 600-650°C to a distance equal to the
diameter of the rudderhead. For anncaling the rudderhead is heated
in a special furnace. ‘

The most economical heating process is induction heating of the
rudderhead, using industrial currents. The part of the rudderhead
to be healed is wrapped with asbeslos up to 5 mm thick, and a bare
heating wire is coiled round this. With a rudderhead diamecler up
Lo 200 mi, Lhe cross section of Lhe healing wire should be 80-100 mm?,
and with a larger diameter, 180-200 mm?. The wire is covered with
asbestos, and the ends are connected to a transformer rated
for 55-60 V and 900-1,000 A.

The appearance of cracks on the surface of the rudderhead must,
be regarded as a dangerous defect. Their configuration can vary
widely and they can be of various widths and lengths. The most
dangerous ones arve transverse cracks. Cracks are repaired by electric
welding.

Twisting and bending of the rudderhead impede the normal work-
ing of the whole steering system. Twisting reduces rudder movement,
owing to the displacement of the rudder quadrant relative to the
fore-and-aft plane, by an angle equal to the angle of twist, and
bending affects the centring of the rudder.
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According Lo the current Soviet Register Rules for the inspection
of sea-going ships, when the twist of the rudderhead is 157 or more,
or when there are two or more longitudinal cracks on its surface,
or even one transverse crack, the rudderhead must be replaced.
"T'he same rules allow, as a temporary measure, the repair of a rudder
{wisted up Lo 15° and without any cracks on its surface.
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Fig. 73. Device for straightening the rudderbead:
1—base slab; 2—pillars with threaded ends; 3—rudderhecad; 4—supports; 5--cross beam;
6—hydraulic jack; 7—copper packing plate; §—stopper panel preventing flexure of rud-
derhead in opposite direction

The repair of a twisted rudderhead amounts to reseating the rud-
der quadrant; this involves the welding in of the old keyway, with
subsequent annealing, and milling out a new keyway, with an al-
lowance of 0.1-0.15 mm, necessary for the final machining to the re-
quired dimensions. =~ = S

"Bending of the rudderhead is eliminated by turning in a lathe,
if the deformation does not exceed 1.5-2 mm and if a strength cal-
culation shows that the diameter can be reduced by this amount.
If the bending deformation is greater, the rudderhead can be straight-
ened in a lathe, or in a special straightening rig (Fig. 73); for
straightening, the rudderhead is preheated to 1000-1100°C.

The straightening force is applied by means of a mechanical,
hydraulic, or pneumatic ram.
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The straightening process is considered as salisfactory if the
wobble of the rudderhead in the straightened region is not greater
than 0.5 mm. After straightening the rudderhead is annealed and
checked, and if necessary a thin layer of metal is machined off
in the straightened zone. h

If the rudderhead is fractured, it is replaced by a new one, or the
two broken parts are welded together. Butt welding of the broken
ends must in every case be approved by the Inspectorate of the
Soviet Regisler.

To ensure correct alignment when butt welding, the use of a cen-
tring pin is recommended (Fig. 74).

~— 60 -7) —

Fig. 74. Centring of rudderhead ends with dowel pin

The main types of damage which are found in rudderstock, rudder
blade, and rudder frames are corrosion of rivet heads, welded seams,
and plating; cracks in the rudderstock, rudder frames, and plating;
dents in the rudder plating. The methods of repair are the same
as those used for similar defects in the hull, stem and stern frame.

The assembly of the rudder system after repair is effected in the
reverse order as when dismantling. The results of the repair are
checked in the shop, by aligning the assembled rudder with the
aid of a string. The aim of the alignment procedure, which is carried
oulb as shown above (see Fig. 71), is to check the straightness of the
axis. ln aligning, the distances from each string to the rudderhcad
and to the pintles are measured. If the pivoting axis is straight,
the distances from it 1o the strings will be equal.

The permissible misalignments between the pintles and rudder-
stock axes relative to the pivoting axis should not exceed 0.5 mm or,
in any case, should not be greater than half the diametral clearance
between the pintle and the rudder post gudgeon.

Aller repair, the functioning of the rudder system is first checked
in the shop, then in bollard tests, and finally in service trials.

In bollard tests the shortcomings of the repair work will be re-
vealed, and they will be corrected before the service trials.

In testing the rudder system it is necessary to check whether the
rudder can swing casily and rapidly to its extreme angle, as required
by the Soviet Register.
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Chapter XI | DISMANTLING OF STEAM ENGIN‘I;S B
AND INTERNAL COMBUSTION ENGINES.
MEASUREMENTS TAKEN DURING
DISMANTLING

The repair of steam engines and inte}’nal combustion engines
can be carried out dircctly in the ship, or in the repair sho‘p.. i

The repair and restoration of individual machinery ptu.Ls‘ (131t
assemblies are carried out in the shops. Before the comme‘n?c‘m‘t,nd
of the work, the machine should be dismantled and the parts an
assemblies should be assessed for damage.

Section 63 GENERAL INSTRUCTIONS FOR DISMANTLING

Dismantling is one of the essential slages in 'the r‘cpumn‘% ptroc—
ess. The quality of dismantling work has an .nnpo_ltz.mt e ‘ec' (L)ln
the duration and cost of repairs. The Qroductwlty of the d{zluatll E
ing operations depends on the working schedule, the extent o
mechanization, and organization of labour. N

Before starting of the dismantling, il 1s necessary l:u.‘.u:q‘nn‘(;
a detailed knowledge of the machinery design, and pl’Opd.le tbp-lCLﬁ
where the parts will be deposited on .\voo.den‘planks or slatlb, ](3 Fold
lect the necessary tools andhdismglliti)mg d(avmes, and to check a1

the hoisting gear that will be used. -
pri\pleil?n dismantlingg,gthe following principles should Dbe ob§erved‘.

1, The working safety rules should be strictly observed, in par-

ticular:
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(@) use only such tools Lhat arve in good working order;

(b) use only such hoisting devices that are checked and suitable
for the weights to be handled;

(c) when unscrewing nuts or other fastenings, take care that the
freed part does not drop. If necessary, the part should be suitably
supported;

(d) when dismantling a spring-loaded part, ensure that the part
will not be projected by the force of the spring;

(e) dismantle moving parts (connecting rods, piston rods, pis-
tons, crankpin bearings, main bearings, etc.) only when the crank-
shaft turning gear is engaged.

2. Before any part is removed, it is necessary to verify the exist-
ence of index marks and reference symbols * on the parts, and if
these ave absent, to make the necessary marks.

'3: When work is interrupted, openced parts (cylinders, cte.)
should be covered with appropriate covers or pieces of canvas, to
prevent the enbry of unwanted objects; tube openings should be
blanked off.

4. The working surfaces of machinery components should be
protected from corrosion and mechanical damage during transport.
For this purpose they should be greased, wrapped in sack cloth,
and boarded up.

5. The parts sent for repair should be provided with identifica-
lion tags, which should stale the name of the part, the machine
from which it was taken, the position of the machine in the ship,
the position of the part in the machine, the ship’s name, and the
order number.

6. The parts should be handled carefully to prevent damage
(deuts, fouling of threads, scratching, etc.).

Described below are the dismantling sequence and the. work sched-
ule when complete dismantling is required.

Before slarting the work, the machines are drained of waler, and
all  pipelines are drained of fuel and oil. The main steam piping
(or the starting-air piping) is disconnected from the maunoeuvring
valve, and the piping isgiven a preliminary cleaning and flushing.

Full dismantling of steam and internal combustion engines is car-
ried out as follows:

(1) the pipelines for live sleam, spent steam, lubrication, [uel,
and cooling waler are disconnected and dismantled;

(2) the cylinder heads are taken off;

* Index marks are lines or other markings present on the parts whose pur-
pose is to indicate the relative positions of Lwo or more parts connected together.
Reference symbols are letters or numbers denoting the ship and machine the
given part belongs to, as well as the position of the machine in the ship and the
position of the part in the machine.

15—260
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(3) the power-driven pumps and compressors are dismantled;

(4) the pistons and slide valves (logether with piston rings) are
taken out, after been freed from the piston rods. The piston rods
and crossheads are suspended from a plank attached to the crosshead
guides. In engines having no crossheads, the pistons are lifted out
through the cylinder tops together with the connecting rods;

(5) in the case of crosshead internal combustion engines and steam
engines the bearings are dismantled and the conneeting rods freed;

(6) the stuffing boxes are distnantled and the piston rods are
taken out of the cylinders together with the crossheads and guide
shoes;

(7) the reversing gear is dismantled;

(8) the steam and gas valve gear is dismantled;

(9) the eccentric straps are dismantled; in internal combustion
engines camshaft drive is dismantled;

(10) the main bearings are opened;

(11) the crankshalt is disconnected from the thrust shalt;

(#2) the crankshaft is lifted off;

(1'3% the lower halves of the main bearings are taken out;
(14) the cylinder liners and the piston valve liners are pressed
out (if necessary);

(15) the condenscrs are opened.

To obtain an accurale assessment of the condition ol the sleam
engine or the internal combustion engine, the following mcas-
uroments and tests are made during dismantling:

(a) the flanged connection between the thrust shaft and the crank-
shaft is examined to discover any misalignment or displacement
between the flanges. Alternatively, the same examination is made
for the flanged connection between the thrust shalt and the first
intermediate shaft, if the thrust shaft is lifted together with the
crankshaft;

(b) the presence of index marks, determining the dead centre
positions, is verified. If these marks are absent, they are scribed
in on the flywheel or the [lange of the crankshalt;

(¢) the cylinder clearance (in the case of steam engines), or com-
pression space (in the case of internal combustion engines) is meas-
ured;

(@) the stcam and gas valve gear is examined;

(e) the crankshaft web displacements are measured in Whiree posi-
tions in the case of steam engines, and in four positions in the case
of internal combustion engines;

(f) the position of the crankshaft relative to the bed frame is
determined;

(2) the position of the bed frame and of the control surfaces of
the main bearing housings is checked;
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Q;) the alignment of the eylinders and of the bed frame is chiecked;

(i) the position of the crosshead guides in relation to the cylin:
der axes and the crankshaft axis is checked.

The lests and measurcments listed above are carried out at the
appropriate moments during the dismantling of the steam engines or
the internal combustion engines.

When repairing the main engines of series-built ships the most
mhpnal method is by unit replacement. This mecans that the old
engine is taken off its foundation and replaced by a reconditioned
or a new engine taken from store. If the replacement procedure is
not possible, the old engine is cither taken to the repair shop in one
picce, or it is dismantled in the ship and the faulty components.
are repaired, and the engine is then reassembled in the ship.

If thereis no need to replace the cylinder blocks, then the exhaust.
and scavenging piping of internal combustion engines, or the receiv--
ers of steam engines are not dismantled, but are cleaned in place;
this is followed by a check of their fastenings to the cylinder blocks
and to each other.

After dismantling, the various parts of the steam engines or inter-
nal combustion engines are cleaned, examined, and measured, to
determine any damage or wear. ’
.In accordance with the preventive maintenance plan, the condi-
tion of the various parts is checked against the permissible wear
s_tap(']ards, and a couclusion is reached as to the necessity and pos-
sibility of repairs or replacements of the individual parts or as-
semblies.

The perpnissible wear standards are drawn up in accordance with
builders’ instructions, and in the absence of such instructions, in
acco'rdance with the maintenance rules of the Ministry of Mcrcliant
Marine relating to ship reciprocating engines.

In the following paragraphs the mecan values of the permissible
wear will be quoted.
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The difference in the distance between the web faces at two dia-
metrically oppposite positions of the crank is termed web dis-
placement (Fig. 124).
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Web displacement is measured hoth during dismantling ol the
engine and during the iustallation of the crankshalt; this makes
it possible to assess the linearity of the shaft.

During the service life of a steam or internal combustion engine,
the_main_bearings_wear out unevenly; as a result the shaft axis
ceases to be rectilinear. This fault is called breakage of the shaft.
The rotation of a crankshaft having breakage will produce addition-
al stressos in the crankshaft, which act in diflerent directions. If
the breakage is appreciable, these
stresses may. reach dangerous levels. Web displacement

Web displacement is  measured
in the vertical and horizontal
planes, for each crank.

If the web separation in the top
dead centre position is greater than
in_the botfom’ centre position, web
displacement is written with the
positive sign. If the converse is
true, then web displacement is
regarded as negative. In the hori-
zontal plane, a positive displace-
ment means that the web separa-
tion with the crank directed to
the left is greater than when it is
directed to the right. If the converse  ¥ig. 124. Measuring web displace-
is found, web displacement isregard- ment in crankshaft
ed as mnegative. With positive
displacement the crankshaft takes a sagging deflection, whereas
with negative displacement, the crankshalt will have a hogging
deflection (Fig. 125). '

Web displacement may be positive or negative in different sec-
tions of the crankshalt, or it may have the same sign throughout.
the whole crankshaft length.

The web distances should be measured with an accuracy not less
than 0.01 mm; this is necessary in view of the rigid standards for
the permissible amounts of displacement.

To measure web displacement, use is made of micrometric gauges
or special dial gauges. Such a gauge is shown in Fig. 126. Web dis-
placement is measured in the following manner.

On one web face of each crank an indentation is made with a spher-
ical punch, at a distance of 10-15 mm from the edge, and approxi-
matelly in the middle of the web.

Then the web distances are measured in four positions of each crank:
0, 90, 180, and 270° (Fig. 127). The top dead centre (0°) is taken
as the initial position. When taking measurements, one end of the
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gauge is inserted in the indentation. For greater accuracy, il is
recommended to take three readings, and if the differcnces between
them are small, the arithmetical mean is adopted as the correct

value.

If the connecting rod is attached, it is impossible to take readings
for the bottom dead centre position. In this case the mecasurements

nn
e

~Lo\ -
4>,
iy . Positive web
displacement
LN

&0C
700
— ’\ li<li,
Negative web
i displacement
anc

Fig. 125. Positive and negative
web displacements

are made inthe following positions:
15°% from the top dead centre, 90,
195, and 270°.

The results of the measurcmeuts
are noted down in a table (Table6)
and web displacement is calculat-
ed. :

If the measured web displacement
exceeds permissible values, it is
necessary to re-position the crank-
shaft; a note to this effect should
be appended at the end ol the
table.

When determining web displace-
ment, it is also necessary to check
the bolting of the bed {rame and
verify the condition of the chocks
and the tension of the bolts. It
should not be possible to insert a
feeler gauge with a blade 0.05 mm
thick between the chock and the
bed frame; the tension of the
bolts may be checked by sound. It

is also necessary to note the temperature of the engine-room, the
draught of the ship, and the presence of any ballast ov cargo,
When dismantling steam engines, web displacement should be

checked three times:

Table G

Distance between web Laces, mim

Dist. {rom
measur. Crankpin

in vertical plane in horizontal plane

Crank No.| point to

A dia., mm .
bty ' tnc | pog | displace- erank | erank | gisplace-
A3, ment port | stbd. meut
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(1) with the line shafting connccted to the engine and the recip-
rocating parts assembled;

(2) with the cngine disconnected from the line shafting and the
reciprocating parts assembled;

(3) with a free crankshaft.

¥ig. 126. Dial gauge holder for measuring distances belween crankshaft webs

When dismantling internal combustion engines, web displace-
ment is measurcd four times. In addition to the three conditions
enumerated above, a fourth is added; this is with the reciprocating
parts disconnected from the crankshaft, but with flywheel connected

Crank in 8DC, third
measurement

Crank towards
starboard, Tourth

measurement Crank towards
] port, second
. A < measurement
: ’ N TN 7 N
’ 4 N\ \
! A \ \
y : : —< A i/ Ham iy T
\\ V2N / ' /
X _1 N o // \\J_// ~ _‘//
| Mp-aie 3=

i‘/0—15/77/77 . \l \
{ \(

\ ) Starting position,
\ s crank in TOC,
~——7  first measurement

Pig. 127. Checking web displacement

to it. This makes it possible to obtain a detailed knowledge of the
factors causing the bending of the crankshaft, if this should, in
fact, be found. Thus, for example, a change in web displacement
after the reciprocating parts have been disconnected indicates that

not all the crankshaft journals were in close contact with their bear-
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ings. If web displacement changes after the crankshalt has been
disconnected from the line shafting, it follows that the flanged con-
nection between thrust shaft and the crankshalt is out of true; it
is necessary to know this when repairing and putting back the crank-
shaft.

In newly built steam engines, with the reciprocating parts and
the line shafting disconnected from the crankshalt, permissible

Web displacements ,min
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Fig. 128. Web displacement diagramn for internal combustion engine crankshafls

web displacement is nol greater than 0.05 mm wilth crankshait
diameters from 300 to 500 mm, and not greater than 0.02-0.04 mm
with diameters 150-300 mm.

In engines that are being repaired, the permissible increase in
these limiting values is 60%, but the additional stresses caused in
in the crankshaft should be checked by calculation.

The maximum permissible web displacement for steam cngines
in service is 0.2 mm.

Fig. 128 shows web displacements for internal combustion engine
crankshafts, the permissible magnitudes of displacement being plot-
ted against piston stroke. However, it should not be assumed that
the problem of the permissible maximum web displacement has
already been solved, since the available data and recommendations
do not always agree.
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Section 102 GENERAL CONSIDERATIONS

JENRSSIRSE———— LI

Depending on the character and conditions of the repair work, the
assembly of reciprocating steam engines and internal combustion
engines can be carried out in the repair shop or in the ship. Assem-
bling in the shop, on a bed plate, is more conducive to accuracy
and working convenience. It also allows the use of aids, such as
special level gauges, plumb lines, etc., which cannot be used in
the ship.

The order of the assembly operations is the same in the shop as
on board.

If the machine is assembled in the shop, it must subsequently be
delivered to the ship and erected on its foundation. These opera-
tions are eliminated with shipboard assembly.

The parts that are being assembled must be clean. Washing
and degreasing methods have already been described (see Sec-
tion 73).

The amount of assembly work depends on the character and volume
of repair work that has been done. The operations described below
are those usually performed afler a major overhaul.

All the individual parts and units made up of new or repaired
components are delivered to the assembly stand, if the assembly is
being done in Lthe shop, or to the ship. The units will have already
been correctly fitted and aligned on a calibrating slab or in a lathe,
if necessary.

The bed plate of the engine is erected on the assembly stand or on
the foundation framing in theship. Next, protecied by wooden
packing, the crankshaft is laid on the bed plate, and the columns
and bases are crecled, aligned, and secured. Then the cylinder blocks
are mounted and aligned. This is followed by pressing-in the cylin-
der liners, attaching crosshead guides, laying down the crankshaft
in its bearings, and assembling and aligning the reciprocating parts
and the valve gear. Next, the cylinder covers are bolted on and the
pipes and pipe fittings are assembled. Finally the valve gear is
tested and adjusted, the engines are run and tested, and declared
ready for service.
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Section 103 ERECTING BASES AND CYLINDER BLOCKS,
PRESSING-IN CYLINDER LINERS, AND ATTACHING
CROSSHEAD GUIDES

After the bases have been erected on the bed plate, their position
is checked with respect to the axis of the crankshaft.

Next, the cylinders are mounted, aligned, and secured.

For pressing in of cylinder liners, partial or full use is frequently
made of the same devices that are used for pressing out the liners.

To avoid damage to the block, care should be taken during the

liner-pressing operation.

~Belore pressing the liners, the block should be thoroughly cleaned
and the cylinders measured. It is recommended to smear lightly
the edge of the liner with thick whiting. During pressing in care
should be taken not to tilt the liner. In internal combustion engines
the cylindrical part of the block that is in contact with the sealing
rings is smeared with a thin layer of whiting. It is necessary to
exercise care not to shear off the rings during the pressing process.

When attaching the crosshead guides in steam engines, thermal
expansion of the cylinders must be considered. Therefore, when the
engine is cold, the guides should be out of true by an amount which
will be reduced to zero when the engine is hot.

The influonce of thermal expansion of the cylinders on the position
of the crosshead guides deponds on the design of the columns, which
may be of two main types:

1. The cylinders may rest on onc side on cast columns and on the
other side on forged columns (Fig. 193a).

In this case the cast massive column is more resistant to deformation,
and the cylinder expands in towards the forged column. The cylin-
der axis will also shift towards the forged column and the guide
attached to the cast column will remain in position. The shift of
the cylinder axis towards the forged column (A) can be calculated
from the expression

D(T—1t)a
A= 2
where D = cylinder diameter, mm
T = mean temperaturc of the cylinder Dboltom when the
engine is working (about 150-100°C)
¢t = temperature in the engine compartment (about 30°C)
o = coefficient of thermal expansion (for cast iron a =

= 11 X 107).
With such design of columns, the crosshead guide is attached
during assembly (with the engine cold) parallel to the cylinder axis.
Having regard to the effect of cylinder expansion on the shift of the
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cylinder axis, the distance of Lhis axis to the guide i

, ) guide in the ¢old con-
d{tlon should.be less, by an amount A, than the distance of the
012'1I{1kshaft axis to the guide (Fig. 193a).

0 onsure correct clearance between the piston rod and i
cle: | stuffin

!)ox when the maghlne is working, it is necessary, when the enginﬁ
1s warmed up, to insert a shim of thickness A under the flange of the

(a) (5)

-1

J —{ -7§ L
! Crankshaft

Zyll{lder axis/\ ¢ u.g;,:i aris

uring : axt
assembly (engine — with engine running
in cold condition)

Fig. 193. Securing crosshead guides, allowing for cylinder expansion

crosshead guide shoe. When the engine is shut down the shim i
taken oul. The normal clearance ai noroasing
t113 thickness of the guide shoe. oan also be obtained by inoreasing
2. The cylinders are mounted on tw
tho crosshond guidos (i 1o o cast columns, with one or
n this case the resistance of the columns to the e i
cylinder is equal and therefore the expansion of the :)giilgtslle(;nw?ifllt}ﬁ:
symmetrical and the cylinder axis will not shift. However, both
columns will be dellected and the crosshead guides will move a,ccord-
ingly. In view of this, the guides must be inclined when the engine
is being assembled (when the engine is cold) so that they may take
up the correct position when the engine is working. Therefore in the
cold copdltlon the distance of the working surface of the guides to
the cylinder axis (represented by a taut slring) varies with height;
it is less at the top than at the bottom. B

22260
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The allowances for thermal expansion A; and A, at the top and
bottom of the guide are found from the formulas

_b{IT—-9a,

Ah
- A2=——1—

Ay H

where D = cylinder diameter, mm
T = mean temperature of cylinder bottom when the machine
is running, °C
¢ = temperature of the engine compartment, G
o = thermal expansion coeflicient (for cast iron a= 11 X 107¢)
H and h = see Fig. 193b.

Knowing A; and A, the correct inclination of the guides Lowards
the cylinder axis can be achieved during assembly. At the top the
normal distance between the guide and the cylinder axis has to be
reduced by A,, and at the bottom by A,.

In practice the inclination of the working surface of the guide is
obtained by scraping. This involves scraping out recesses about
25 mm square at the top and bottom of the guide surface, to a depth
corresponding to the desired distance of the whole surface from the
axis at this level. Then the whole surface is scraped to the depth
of these recesses. It is not allowed to incline the guides by inserting
packing plates at their backs.

The inclination of the guides should not prevent the insertion of
the guide shoes when assembling engines having double-crosshead
guides.

The allowances A and A, for all the cylinders are usually regarded
as equal to those of the intermediate pressure cylinder.

To obtain the normal clearance between the guide shoc and the
guide when the engine is working, the engine is warmed up and
shims are inserted under the guide shoe flanges; these shims must
be removed when the engine is shul down.

Section 104 MOUNTING OF CRANKSHAFTS

Before the work of mounting the crankshaft is begun, il is neces-
sary to make sure that all the control surfaces and bearing housings
are properly positioned in relation to the crankshaft axis. Then the

_lower shells of the journal bearings are fitted (with the aid of the
paint spot test) and inserted in the housings. This is followed by
mounting a rig for hoisting and turning the crankshaft.

Checking the correct position of the crankshaft in the vertical
plane is done with a gauge plate (see Section 68); the position in the
horizontal plane with respect to the sides of the housings is done
by calipers and a micrometer gauge (Fig. 194). The bearing shells
must not move in their housings. The total clearance between the
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ﬁes n;)lfn .the housings and the sides of the shells should not exceed
If the crankshaft is of the built-up type, tl

acgurately and the connecting bolts £us¥pbé titgehti?anges must ot
The crankshaft is regarded as correctly mounted if the web displace-

ments are within permissible limits; the difference in the measure-

ments obtained with the gauge plate at the end journals is not

greater than 0.05 mm per metro length of the shaft; the lower bearin

shell is in contlact with the journal over two-thirds of its surfacog,

————

+ - + /

Fig. 194. Checking position of crankshaft in horizontal plane

and the contact surface subtends an an °

‘ ‘ . gle of 120° the surface
Lhe bearing shell after the paint test is uniformly spotted, the nun‘:f
cr of spols per each square centimetre being not less than two:

the axial clearances between the cr
: ank webs and
bearing shells are correct. the edges of the

The correct axial clearance S m
easured on the web surface facin
away from the thrust bearing is calculated from the expressioxgl

§ =0.0006L + 0.5 mm

where L is the distance from the poi is bei
point where clearance is bein
ured to the thrust bearing, mm. § meas

For the web surface facing the th i i
shotg\ho web surface fa mgm. rust bearing the axial clearance

When _mounting the crankshaft it is not permitted to:
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(1) bore out the bearings unsymmetrically Lo shilt the crankshalt
axis so that it intersects the cylinder axes, because this precludes
the interchangeability of bearing shells when replacements are
needed. Distances up to 8-10 mm between the cylinder axes and
the crankshaft axis are allowed only in used engines which are being
repaired. In new engines the cylinder axes must intersect the crank-
shaft axis; . _ . o N

(2) mount the crankshafts in its bearings in an_lnchped posilion
wilth respect to the bed plate, Lo obtain .1)01'1)01{d10lllu1'1t)' bolween
the cylinder axes and the crankshaft axis. _It is recommended to
restore perpendicularity by filing and scraping the flanges of the
engine columns and cylinder blocks; ' _ o

(3) shift the crankshaft in the bed plate to obtain alignment with
the stern tube; . . N .

(4) shift the crankshaft in the verlical plane to adjusl Lhe cylrl‘ndm
clearance volume or the height of the compression chamber. Ihese
quantities should be adjusted by fitting shims or changing t;he thick-
ness of the whitemetal in the bearings of the reciprocating parls,
and also by shifting the piston on its rod.

The crankshaft is mounted in the following way. .

After carrying out all the preparatory w01'k,ﬁM§.1}gA~]gq;:;1_,'1_lﬂ.s S_are
covered with a_thin layer of paint, the crankshaft is lowered on to
the lower bearing shells and rotated. Then the crankshalt is lifted
and the Dearings are examined and scraped. These aclions are repeal-
ed until satisfactory paint distribution is obtained on the working
surfaces. of the bearings. At the same time t.he position of the c.rank—
shaft in the vertical and horizontal planes is checkgd, and so is th'e
straightness of its axis. For this purpose web.dlsplacemcn.l,s are
measured and use is made of the plate gauge, calipers, and microm-
etric gauges, as already described. . -

Having fitted the shaft in the lower'l‘)e.am.ng shells, the upper
shells have to befitted to their journals. This invelves painting the
journals and fitting the upper bearing shells, having hrs;l, insertled
shims between the upper and lower halves of the shells. The upper
shells are bolted down, and are L_l}(}plLa‘lfenbg_f‘['_aggl_ppiip_scxia.pq the
areas on which paint traces have beeii [eft. The operations are repeat-
eduntil a satistactory contact between the shells and their ]ourn'als
is achieved; this is judged by observing the distribution of the paint

shell surface. .
sztfieglal\ sii}s‘i’sggqgog‘y fit of the upper bearing shells has been obtained,

-,

lemen shi i ose thi i 1 to the
supplementary shims are inserted, whose_thlckness“_lsf‘eqlla_\‘ 1
degili'ed oil clearance. 1hereafter the bearings are bolted down and
the oil clearance is checked. _ . . .
Adjustment of the oil clearance is done by the insertion or with-
drawal of some shims between the lower and upper bearing shells.
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The amount of clearance is usually specified in instruction manuals
provided by the engine builders. If such instruction manuals are
not available, maintenance rules for marine reciprocating machinery
or specialized handbooks have to be consulted.

The amount of oil clearance for journal diameters 100 to 550 mm
ranges from 0.10 to 0.30 mm. o

The concluding operations in the crankshaft mounting process
are the final lifting of the crankshaft, blowing compressed air over
the bearings, cleaning and washing the journal and bearing surfaces
first with kerosine and then with engine oil, lowering the crankshaft
on to the lower bearing shells, completing the assembly of the bear-
ing and bolting down.

When overhauls are done under certain conditions (repair of
similar ships in the same establishment, major overhauls), it is
advisable, in order to speed up the work, to use a calibrating crank-
shaft which serves as a guide for the preliminary scraping of the
bearing shells. This reduces appreciably the number of times that the
actual crankshaft has to be hoisted and lowered.

The calibrating crankshaft is cut from a length of piping. If the
length of the calibrating crankshaft is large, it may be made up
from two lengths of piping connected by a flange. The journals of
this calibrating crankshaft are made to class 2 surface finish, and
enough clearance is provided to obtain a free fit.

The scraping of the bearings with a calibrating crankshaft is
carried outin the same manner as with the actual crankshaft, but the
whole operation is much simpler thanks to the ease with which the
calibrating crankshaft can be hoisted and lowered. Moreover, the
use of the calibrating crankshaft permits the bearing-fitting opera-
tions to be carried on simultaneously with repair work on the actual
crankshaft.

Important factors in speeding up the work of crankshaft mounting
are correcl identification of the bearings which require scraping,
and the knowledge of the scraping depth that is necessary.

The graphical method for constructing the crankshaft deflection
line (or breakage line), developed by G. Megrabov, permits these
factors to be determined.

With the usual method of crankshaft mounting the criterion of
crankshaft straightness is the web displacement. Web displacement
measurements have to be taken many times during the mounting of
the crankshaft. The graphical method introduces a new criterion
of straightness, namely, the breakage amplitude, which is the
amount of deflection of the crankshaft axis at the centre of the crank.

At the same time a relation is established between the new cri-
terion and the web displacement. This is necessary because it is
practically impossible to make a direct measurement of the deflection
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of the crankshaft axis, and the only direct measurements that can be
obtained are those of web displacement.

The breakage amplitude is defined as the length of the perpen-
dicular line dropped from the point where the axes of the journals
at both sides of the given crank intersect on to the line joining the
end points of the same journal axes produced to the median planes of
the neighbouring cranks (Fig 195).  —  ~~ 7~ T

_For the ond cranks, a segment is marked off from the midpoint of

the given crank, and along the axis of the end journal, the lenglh of

f}” ™\ f}
> - A
T

Fig. 195. Graphical representation of breakage amplitude for crankshalt

the segment being equal to the distance between two adjoining
cylinders. A line is drawn _joining the end point of this segment to
the midpoint of the next crank, and a perpendicular is dropped on
to_this line from the midpoint of the end crank, giving the breakage
amplitude at_this point.

The breakage amplitudes found in this way allow the crankshalt
axis_to_be_represented graphically. If the positions of the main
bearings are also marked on_the diagram, it is possible to determine
which of the bearings need to be scraped, and to what depth.

Section 105 ASSEMBLY OF RECIPROCATING PARTS OF STEAM
ENGINES

After the crankshaft has been mounted, the cylinder liners pressed
in, the crosshead guides attached, and the stuffing boxes packed,
the assembly of the reciprocating parts is commenced.

The piston rod, together with the crosshead and guide shoe, and
with the spring-loaded stuffing bush and the metallic parts of the
stuffing in place, is inserted from below into the cylinder and is held
near the top dead centre position by a panel resting on the guide-
fastening pins. Then, after fitting the guide shoe to the guide, the
clearance between the piston rod and the stuffing box is checked
with a feeler gauge, and the distance between the piston rod and
cylinder walls is measured with a micrometric caliper gauge in four
directions (forward, aft, port, starboard).

For engines operating with saturated steam, the normal clearance
used in assembly work between the stuffing box and piston rod is
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0.015 d; for engines working with superheated steam, it is 0.020 d,
where d is the diameter of the rod.

When checking these clearances and distances, it is necessary to
consider the effect of cylinder expansion (see Section 103). The clear-
ances on the port and starboard sides between the piston rod and
stuffing box are adjusted by inserting shims between the guide shoe
and crosshead.

The normal assembly clearances belween the crosshead guides and
shoes are chosen in relation to the diameter of the crosshead pin;
with diameters from 25 to 300 mm the clearances for the working
surface range from 0.05-0.07 to 0.20-0.25 mm; for the side surface
from 0.08-0.12 to 0.22-0.32 mm.

The next operation is mounting the piston on the rod, and tighten-
ing it with the piston nut. One-piece pistons are mounted with the
rings already inserted into their grooves; the inserting operation is
done earlier in the shop. Composite pistons are mounted on the rod
piece by piece. Having tightened and stopped the piston nut, the
clearances between the piston and the working surface of the cylinder
are checked, and another check is made on the clearances between
the piston rod and the stuffing box.

When tightening the piston nut, it is necessary to check the paral-
lelism of the mating surfaces of the nut and piston. This check is
made with a feeler gauge before the nut is tightened, or the paint test
is used [for Lhis purpose.

When the paint test is used, the thrust surface of the nut is paint-
ed and the nut is turned until it is tight against the piston. The nut
is then unscrewed and if the paint is not spread over the whole mating
surface the painted areas are scraped. This process is repeated until
a uniform spread of paint over the whole mating surface is obtained.

Next, the connecting rod is erected and the crosshead bearing is
assembled according to fitting marks made earlier, when the alignment
was being checked in the shop.

The oil clearances in crosshead bearings are as follows. For cross-
head pin diameters 50-300 mm, the clearances are 0.08-0.13 mm
if wick lubrication is used, and 0.10-0.45 mm if forced lubrication is
used.

Then the upper half of the bottom-end bearing is connected to the
lower flange of the connecting rod (having rotated the crankshaft),
the bottom-end bearing is assembled, the supporting plate attached
earlier to the crosshead guide is removed, the crosshead guide rails
are attached, and accurate fitting of the bottom-end bearing to the
crankpin is begun, using the paint spot procedure.

The fitting is done by scraping the bearing after giving one complete
turn to the crankshaft, with the crankpin smeared with paint and
the boltom-end bearing fully assembled.
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The oil clearance is adjusted by inserting shims of suitable thick-
ness between the two halves of the bearing.

Having carried out the operations described above, a final check
is made on the clearance between the piston rod and stuffing box,
between the piston and liner, between the crosshead guide and shoe,
for several positions of the crank (top dead centre, bottom dead
centre, middle of piston stroke), and the packing gland {inally
assembled. The measurements are made in four directious (Torward,
aft, port, starboard).

The fitting clearance between the piston rod and the pressure
gland lies within the values 0.30 and 0.50 mm for a piston rod di-
ameter from 50 to 150 mm.

Section 106 'ASSEMBLY OF RECIPROCATING PARTS OF
CROSSHEAD-TYPE INTERNAL COMBUSTION
ENGINES

Before the assembly of the reciprocating parts of crosshead-type
internal combustion engines is begun, similar preliminary operations
have to be performed as in the case of the reciprocating parts of
steam engines.

The assembly is carried out in the following order. The crosshead
with the guide shoes is lifted up between the guides with the aid of
a tackle and is supported there by a panel attached to the guides.
Next, the connecting rod-is erected and a preliminary assembly of Lhe
bottom-end bearing is carried out. Turning the crankshalt, the con-
necting rod is positioned under the crosshead and the crosshead
(top-end) bearing is assembled according to index marks made during
alignment. in the shop. Thereafter the crosshead supporting panel
is removed. ’ I

The piston and rod, already assembled in the shop (but without
piston rings), are inserted into the cylinder from above and the rod is
attached to the crosshead.

Having thus assembled the reciprocating parts, the bottom-end
bearing is accurately fitted, checking at the same time all the clear-
ances which determine the relative position of the parts.

The crank is positioned in the top dead centre and with the aid
of a feeler gauge a check is made on the absence of clearance between
the crankpin (i.e., bottom-end) bearing assembly and the flange of
the connecting rod. and_also_between the crosshead flange, the
compression adjustment shim, and the piston-rod flange. The uni-
formity of the clearances between the piston and the cylinder liner,
and between the guide shoes and guides, is also checked. Then the
final fitting and assembly of the crankpin bearing is made, with the
required oil clearance. Next the crosshead guide rails are attached
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and the clearances are checked between the piston-and the cylinder,
between the guide rails and both sides of the guide shoes, setting the
piston in the top dead centre and the bottom dead centre positions.

The piston clearances for crosshead engines with cylinder diameters
ranging from 100 to 700 mm lie between 0.9 and 6.5 mm at the piston

crown, and between 0.12 and 0.78 mm at the bottom end of the piston?
~Ifthis piston 1§ Toiid to be misaligned (oblique) with respect to
i ey Tinder, U faull i$ climinated by soraping the crankpin (i,
bottom-end) hearing. Since the recipro- )
cating parts have already been aligned
in the shop the crosshead bearing
should not be disturbed in order to cor-
rect any misalignment in the final
assembly. _
Adjustment of the clearance belween
the piston and cylinder may be achieved
by changing the shims under the
crosshead guide shoes. Finally the oil
clearances in the bearings are checked;
for crosshead and crankpin bearings,
these should lie within the same limits
as the journal clearances. Having car-
ried out the above-mentioned assembly
operalions, the crank is positioned in
the top dead centre, the piston rod is
separated from the crosshead, the pis-  Fig. 196. Conical ring to ease
ton is lifted to a height sufficient to insertion of piston with rings
insert the piston rings, and the rings into cylinder
are inserted into the grooves. Then the
piston is lowered, and the piston rod is reconnected to the crosshead.
To facilitate the insertion of the piston, with the rings fitted,
back into the cylinder, a special collar with a tapered inner sur-
face is used (Fig. 196). )
_At_the end of the assembly work a check is made on the height of
the compression chamber (see Section 64), which is adjusted by the

thickness. of a ground shim inserted between the Ilange ol the

connecting rod ‘and thecgankﬁlfx'lgearlng'a§sembly The length and
‘width of the shim should correspond to the dimensions of the flange.

Section 107 ASSEMBLY OF RECIPROCATING PARTS OF
TRUNK-TYPE INTERNAL COMBUSTION ENGINES

After the crankshaft has been mounted and the cylinder liners
pressed in, the piston together with the connecting rod is inserted
into the cylinder from above. For this purpose brackets or eyebolts
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are allached so that the piston can be suspended. The connecting rod
together with the upper half of the crankpin bearing is rested on the
crankpin, which has previously been covered with paint. The lower
half of the bearing is accurately fitted, using the paint spot method.
This involves rotating the crankshaft through one complete revolu-
tion, dismantling the crankpin bearing, and scraping the working
surfaces where indicated by paint traces.

When assembling the reciprocating parts of trunk-type engines,
checks are made on the piston clearances in the fore and aft dircction,
and also in the transverse direction, but only on one side, since in
trunk-type engines the side force, transmitted by the connecting rod,
is taken by the piston trunk which will bear against the cylinder.
The clearances are measured with a long feeler gauge with the piston
in the top dead centre and bottom dead centre positions. The resulls
of the measurements are noted in a table (Table 15).

Table 15
Position of pislon
T.D.C. [ B.D.C.
Measurement locati
tion Clearance measured towards
bow stern I bow I stern

At top of piston l

At bottom of piston l

Lack of alignment of the piston and cylinder axes is_corrected by

scraping the crankpin bearing.
“_The fitting clearances between the piston and liner in trunk-type
engines_should_have_the following .average values: T

(1) in_single-acting engines with cylinder diameters from 250 to
750 mm: 1.60 to 4.50 mm at the top of the piston, and 0.20 to 0.65 mm
al_the__bottom; -

_{(2)_in double-acting engines with the same cylinder diamelers:
1.60 to 4.50 mm at the top of the piston, and 0.40 to 1.00 mm at the
widdle of the.piston.”

After aligning the reciprocating parts, the piston is taken out of
the cylinder and the compression rings and scraper rings are insert-
ed, the piston mechanism is assembled, and the height of the compres-
sion chamber is checked and adjusted in the same way as for crosshead
-engines.

When the rings are being inserted into their grooves, it is necessary
to separate the ends, and this will produce stresses in the rings which
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exceed the normal working stresses. Therelore care is required not to
open the ring too wide. Otherwise cracks may be formed in the rings,
and fracture in service may occur, leading to fracture of the piston
and scoring of the cylinder surface. Apart from this, incorrect inser-
tion may so deform the ring that is cannot take up its correct shape
round the piston, and loses its elasticity and tightness.

_ For inserting the rings special pliers are recommended which limit
the_separation_of the ring ends. The ends are pushed apart afier
carefully inserting the nose of the pliers between them.

_The_locKs_of.rings_inserted in_position are arranged at_angles of
180, 120 and 90° to each other. Having inserted the ring, it is neces-
sary Lo check that it will'not jam when compressed in the groove. The
rings may also be inserted with the aid of three small plates or rules,
down which the ring is pushed to its groove, being expanded suffi-
ciently to make movement down the piston possible. The lowest
ring is the first one to be inserted.

The methods, used in reverse order, are also applicable when it is

desired to remove the rings during dismantling.

Section 108 "ASSEMBLY OF VALVE GEAR OF STEAM AND
INTERNAL COMBUSTION ENGINES

Assembly of steam-valve gear The assembly is started by fitting
the cccontrics on the crankshalt (this is best done in the shop). The
correctness of this operation is checked wilth a seribing block and
a sel square. With properly fitled eccentrics their working surface
should be parallel to the axis of the crankshaft (this is checked
with a scribing block), and the faces should be perpendicular to
this axis (this is checked with a set square).

The eccentric straps are fitted to the eccentrics and are accurately
scraped, using the paint spot check. The paint is applied to the eccen-
tric, and the strap is rotated over it. The method of determining the
oil clearance is similar to that used with bearings.

The average fitting clearances should be as follows:

(1) radial: from 0.10-0.15 mm to 0.45-0.65 mm for eccentrics of
diameter from 100 to 950 mm;

(2) axial: from 0.10 to 0.25 mm for the same diameters of eccen-
trics.

After fitling and assembling the eccentric straps, the valve rod,
together with the permanently attached parts of the packing assem-
bly, and with the tumbling block and the quadrant connected, is
inserted through the stuffing box into the valve chest and is suspend-
ed until the remaining parts have been attached.

The rod, assembled together with the tumbling block and the
eccentric rods, is checked beforehand in the shop. When fitting the
valve rod, the guide bearing is also fitted.
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Next, the valve is secured to the rod, and the clearances hetween
the valve rod and stuffing box are measured. These clearances are
evened out by adjusting tho guido bracket of the valve rod. The guide
bush in the bracket should be scraped to suit the valve rod.

The average fitting clearances in the guide bush range from 0.15
to 0.25 mm for rod diameters from 50 to 150 mm.

The assembly is continued by assembling and altaching the eccen-
tric rods. The rods are fitted in turn according to marks made when
the parts were aligned in the shop. The oil clearances in the quadrant
end bearings should be established in the shop during alignment, and
are then checked during assembly in situ.

The fitting clearances in the quadrant end bearings range from
0.10 to 0.20 mm for quadrant pin diameters from 25 to 100 mmn.

The valve with all the attached parts of the valve gear is held up
when fitting the eccentric rods and straps; it is then lowered, and the
eccentric rods and straps are bolted tight.

Finally, the bearings in the quadrant drag links are fitted, and the
valve packing gland is assembled, the procedure being similar to
that used in assembling the piston and the attached parts.

[Mounting "of the camshaft in internal combustion engines) The
mounting of the _camshaft on its bearings is done using the paint
spot_method and scraping the bearings as necessary.

When assembling the engine on an assembly stand in the shop Lhe
mounting of the camshaft, which should bo parallel to the crankshaft,
is_done relatively easily and accurately with the aid of levels and
plumb lines. The engine is levelled and plumb lines are dropped, or
strings are strung along the axes of the camshaft and the crankshaft,
the distances between them being checked with calipers, so as to
ensure the proper positioning of the camshaft in the vertical plane.
The axis of the crankshaft is taken as the base. The camshaft is posi-
tioned in the horizontal plane with the aid of level gauges.

When the engine is being assembled in the ship, this method is
not suitable since the slight movements of the floating ship preclude
the use of level gauges and plumb lines. Therefore it is recommended
Lo_use_the_tooth clearances in the camshaft drive gearing as criteria
of correct camshaft position. This method is effective if the gears are
new.

This method of mounting requires preliminary checking to see if
the gears are fitted correctly. Having done this, the tooth clearances
in the mating gears are measured with a feeler gauge, starting with
crankshaft gear. The shafts are rotated and the measurements repeat-
ed, so as to check several gear positions. The position of the cam-
shaft is adjusted, if necessary, by scraping its bearings. Then the
ﬁiis,i(fl.il'r_ﬁﬂéf valve rockers, and other parts of the valve gear are assem-

e

e
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_TO_THEIR_FOUNDATIONS

Section 109" I_'*éﬁé'ﬁ'ﬁfivb"'rh_mwni}{i& RECIPROCATING ENGINES

The main propulsion steam engine or internal combustion engines
should be mounted on their foundations so that the crankshaft axis
is a continuation of the axes of the intermediate shafts and of the
thrust shaft, or of the axis of the reduction gear shaft. When the
engine has been erected in the correct position, it is bolted down to
ils foundatioy. The methods of aligning the ongine and the transmis-
sion _shafting have been described in Part Six.

When securing the engine to the foundation, suitable packing
plates are inserted between the bearing base of the foundation plate
and the bearing surfaces of the foundation. In recent years double-
layer spherical and flat packing plates have been used (Figs. 197, 198).

When using normal packing plates it is necessary to measure the
depth under the bed plate in four points, with an accuracy not less
than 0.03 mm, and to prepare the packing plates accordingly. In the
final fitting of the plates, portable grinders are used to obtain the
required thickness, or the plates are scraped. The strict accuracy
requiremenis make this a laborious and difficult operation.

The use of spherical and adjustable packing plates replaces the
accurate manual work of the fitter by a less difficult turning opera-
tion in the lathe.

Double-layer”spherical packing plates consist of two disks with
sphierical surfaces (Fig. 197). When the engine is mounted on such
plates, the top plate will slide over the spherical surface of the
bottom plate, and will adjust itself to the inclination of the bed plate.

The spherical surfaces are machined on a copying lathe.

The thickness of spherical packing plates is measured on the axes
of the bolt holes in the bed plate, with the aid of special instruments.

One of these is shown in Fig. 199. The method of measurement is
obvious from Lhe illustration.

Spherical packing plates are inserted under the bed plate without
excessive force. The {it-of the.mating surfaces_is checked with a fecler
gauge (a blade of 0.05 mm thickness should not pass).

The plates are fixed relative to each other by electric tack welds.
Then, with the aid of a guiding bush inserted into the bolt hole in
the bed plate, the centre of the bolt hole in the packing plate is
marked with a punch, and then marks are made with a chisel or a
punch on the edge of the bed plate and on the edges of the packing
plates, so that the plates can be fitted later in the same position.
The plates are removed, holes are drilled according to the punch
marks, and the plates are refitted. Having checked the correct fit
of the plates with a feeler gauge, bolts are inserted and secured with
a nut and a locknut. If it is found necessary to drill the holes with
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the packing plates in position, the lower packing plate is first clectri-
cally tack-welded to foundation plate.
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Fig. 197. Double-layer spherical packing plales
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Fig. 198. Double-layer tapered packing plates (adjustable wedges)

Adjustable packing plates. Spherical packing plates, although
having substantial advantages over conventional packing plates,
need accurate machining to the required thickness. This compli-
cates the fitting operation.

Siplpler to make and fit are adjustable packing plates. They
consist of a pair of round washers (Fig. 198) in which one face is
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Fig. 199. Measuring gap between lower bearing surface of engine bed frame and
foundation surface, keeping gauge along axis of bolt hole

tapered., The washers are made from round bar stock. One face is
finish-machined and the hole is drilled in the middle. The taper of
the other face is obtained in a special device.

Packing plates of various dimensions are made in the shop in
advance. The thickness measurements for the packing plates are
taken in situ, with an accuracy of 0.2 mm.

The_necessary inclination of the bearing face is obtained by rotat-
ing tite_upper washer relative to_the lower one.
The thickness adjustment is_made by sliding the upper over the

lower washer (for example, if the taper is 1 : 20, a 20 mm shift of the
“washer will produce a change in thickness of 1 mm).

For convenience in carrying out these fitting operations, holes are
drilled and tapped in the edges of the washers, into which handles
are screwed in; these are removed after fitting.

Aller fitting the packing, the lower washer is tac
foundation, and the upper washer is tack-welded to the lower one.
The holes for ~“the "holding-down b olts "are "drilled 'in_the packing

plates in situ, after checking the fit.

k-welded to _the
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Section 115 |  WEAR AND DAMAGE IN VALVES.
DISMANTLING AND ASSHKSSMENT OF DEFECTS

With the present state of art, it is not expedient to repair standard
valves, especially if they are of small size. It is simpler to fit new
ones.

The replacement of large, non-standard valves is not always
feasible or expedient, and the less serious defects can be repaired by
the methods described below.

The main types of defect found in valves (stop valves, reduction
valves, non-return valves, safety valves, etc.) are the following:

(1) erosion wear of the faces of the disks and seats under the action
of rapid fluid flow;

(2) loosening of the seats in their housings, due to unsatisfactory
press fitting of the seat, or insufficient tightening of screw-type seats
leading to damaged thread;

(3) damage to the face of the seat due to ingress of foreign bodies
or repeated blows on the valve during service;

(4) corrosion of the valve spindle;

(5) heavy wear of the gland box and damage to gland packing;

(6) cracks in the internal and external surfaces of the valve body
and cover, and in the ribbing and corners, where there are abrupt
changes in the wall thickness;

(7) corrosion of the flange face;

(8) fracture of the tail end of the valve spindle;

(9) fracture of the spring in safety valves and reduction valves.

Similar types of damage are also found in gate valves, throttle
valves, regulator valves, and other similar types of valves.

For disk-type valves the characteristic defects are:

(1) circular ridges on the seat and disk, formed after long service;

(2) score marks on the surfaces of the seat and disk caused by the
presence of foreign bodies on the mating surfaces;

(3) settling of the disk as a result of heavy wear of the seat or disk;

(4) impairment of the gland packing due to heavy wear of the
stufling box and gland pressing ring;

(5) damage and corrosion of flange surfaces;

(6) cracks in the valve body.
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Belore dismantling the valve it is necessary to:

(1) wash the valve assembly in a suitable trough and blow com-
pressed air over it;

(2) check if there are markings on the valve showing where the
valve belongs. If necessary, appropriate markings should be made.

After complete dismantling, a detailed defect check is made.
This involves hydraulic testing of the valve body, checks on the
security of fit of the seat, and an examination of the condition of
all other parts.

During the defect checking, the necessary repair methods are
considered.

Similar defect checl:s are made on other pipeline fittings (stop
cocks, regulators, filters, etc.).

After completion of the defect checking, the parts, whether intend-
ed for repair or not, are laid out in sets on suitable racks, and the
useless parts are scrapped.

Section 116 REPAIR OF VALVES

Before repairing, the body of the valve is hydraulically tested to
check its strength.

In cases where the circular face of the valve seat has scratches,
nicks, or wear, but the seat itself still fits securely in .its housing,
the seat is machined in a lathe, or (if the repairs are done on board)
the seat is milled with a special portable milling machine. Then
the seat is scraped, and the surface is checked with a checking
plate.

If the seat, which may be screwed in or pressed, is loose in its
housing, the scat should be unscrewed or pressed out. For pressing
out, a special extractor is used, which is illustrated in Fig. 200. This
type of seat may be reclaimed by building-up from. brdss electrodes;
alternatively, sputtering or electroplating may be used. The surfaces
on which welded deposits are to be laid are first turned down to
sound metal, and after building-up the seat is machined again,
before pressing-in its housing. The pressing is done by screw-type or
hydraulic presses, with the aid of a simple mandrel.

In steel valve bodies which have no pressed-in seats, the faces are
restored by building-up with steel electrodes, and subsequent turn-
ing of the seat in a lathe.

If cracks are found in steel or bronze valve bodies, the cracks are
excavated and welded, using electric welding and steel electrodes
for steel bodies, or gas welding and brass electrodes for bronze bodies.
Valve body repairs in which heat is used should be carried out before
the seat is pressed in. Indented flange surfaces, or surfaces in contact
with sealing rings, should be turned in a lathe. The finish of the





[image: image53.png]362 Repair of Main Reciprocating-Piston Machinery

surfaces in contact with the scaling rings should be not less than
class 5-6, according to the U.S.S.R. Standard.

If the tapped holes in the valve body which accommodate the
studs of the valve cover are worn out and new studs cannot be fitted,
the holes are welded over, and new holes are drilled and tapped.

The disks of steel or cast iron air valves can, generally, be divided
into plain disks (without guide ribbing) and guided disks (with guide

4

Fig. 200. Extractor for pressing out valve seat

ribbing). Both types of disks are fitted with sealing rings made from
materials with good lapping properties. The most common are bronze
or brass sealing rings. With bronze valve bodies bronze lids without
scaling rings are used.

Fhe nature and method of disk repair depend on disk design.In
cases where the sealing rings of steel or cast iron disks have scraﬁches
or dents in the faces, but the press fit of the rings is still secure, the
lace should be machined in a Jathe (if the depth of the ring allows
::l'l.\), and then should be seraped to mateh the face of the valve seat.
51:1‘,::;‘(;;1(?.:‘(ll;rraiir:}jll)il:f having similar defects are also turned and
e 1.1 ln;f‘)‘nzc guided disks deep ('h'nts are often found in the ribs, and
« conieal surface of the face is often heavily worn. Such a disk is
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reclaimed by building-up with brass electrodes, with subsequent
turning in a lathe and scraping to match the valve seat.

If the disks are heavily damaged, they are replaced.

The repair of spindles, wheels, and other small parts is done only
if the repair work is limited to cleaning the threads, separating
spline connections, and similar operations. If more serious dam-
age is found, repair is not worth while, and the parts should be
replaced.

Section 117 REPAIR OF GATE VALVES

In gate valves special attention should be paid to the soundness of
the body, gate, and faces.

In cases where the threads in the body, gate, and seat are in good
condition, and there are no deep dents in the faces, the repairs are
limited to lapping the faces.

If the face of the valve seat is worn but the threads in the body are
sound, a new seat is provided. To ensure tightness it is important.
that the seat should be securely screwed in or pressed in and rolled in
the body of the valve.

If the threads are worn only slightly, and it is possible to tap
new threads, this should be done, and then a new seat should be
prepared.

If the threads are badly worn and cannot be retapped to a larger
diameter, it is recommended to bore out the old threads and deepen
the seat housing, so that a new seat can be pressed in. The seat is
prepared, pressed in and expanded with a special rolling expander
(Fig. 201). For pressing in and expanding the sealing rings of the
gate, a device shown in Fig. 202 is used.

In all similar cases of repair, the faces of the sealing rings of the
valve body and gate should be turned in a horizontal or vertical
lathe. Both faces should be turned in one setting, so that parallelism
of the surfaces is ensured. After turning, the faces should be scraped,
and checked with a checking plate.

Gate repairs consist in machining the faces, if their depth allows
this. Otherwise new sealing rings should be obtained, turned to the
required size, and scraped to match the sealing surface of the seat
itself.

The turning operation for the faces of the body and gate rings is
performed with the aid of a device shown in Fig. 203. This consists
of a lower disk 7, upper disk 2, connecting bolts 3, and holding plates 4.
This device allows a change of taper from 1 : 5 to 0 by rotating the
upper disk relative to the lower disk until the required taper is ob-
tained. The device may be used either in a horizontal or a vertical
lathe.




[image: image54.png]364 Repair of Main Reciprocating-Piston Machinery

Complete tightness of the faces of the body rings and gale rings
is achieved by lapping.

With parallel gates, the lapping is done by swinging movements
of the gate within the body through an angle limited by the side

440
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W
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b Fig. 201. Rolling expander for securing sealing ring in gate valve:

I1—Dbody; 2--casing; 3—ring; 4—spindle; s§—bush; 6—thrust ring:

—Dody ing; E ; 6— r; 7—s&pecial washer;

8-—restricling screw; 9—-st0p;' 10—roller; 'll—gnl(ling el Iz—sprrn;:; 1.7Lb0111'i1lg ragc'
14—round nut; 15-—Dbolt; 16—pin; I17—thrust ball bearing ’

walls of the body. Tapered gates are lapped by vertical movements
of thg gate within the body of the valve.

. Tl{ls difficult operation can be mechanized using a device shown
in Fig. 204. This is in effect a pneumatic lifting device mounted on
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!,he body of the valve. The piston of the device is given a reciprocat-
ing movement in its cylinder and actuates the valve gate which is

313

Fig. 202. Device for pressing in sealing rings in valve gate, using vertical lathe:
1—{rame; 2—bracket; 3—roller; 4—pin; 5-—cross bar; 6—lower half of lubricating valve;
7—upper hall of lubricating valve

suspended from the piston rod. Air is admitted into the cylinder by
a manually operated pneumatic valve.

The repair of the gate valve cover is limited to changing the
stuffing box (if the old one is worn out), and replacing the studs of
the stuffing box.

If the flange surfaces are indented or corroded, the flanges of the
valve body and its cover are machined.
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During the repair of the gate valve the thread on the valve spindle
should be checked and if it is heavily worn or damaged a new spindle
should be fitted. When doing this, the spindle nut should be re-

tained.
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Fig. 203. Device for machining gates wilh taper ranging from 1 : 5 to 0

Section 118 r REPAIR OF STOP COCKS
. i

In stop cocks the faces of the body and the plug are subject to
wear.

When the conical part of the plug is worn, it settles in its seat
and the rightness of the cock is impaired.

If the stop cock works in difficult conditions, ridges and score
marks may be formed on the faces. In this case the body of the cock
should be machined out to obtain a smooth surface, and, if the travel
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Fig. 204. Device for grinding gates within valve body:

“link; §-—holding bolt;

14—conical tube; I15—spring; l6—hose coup-

7--chain

6—panel;
s 13—stop;
20—piston ring; 2I1—pin

4—gland; S—pressure nut;

—conical bush
; 18—Dbush; l9—packing;

3—cover plate;
12

tube; 11—end nut;
ng; 17—thrust nut,

f device; 2—piston;

y o
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of the plug is sufficient to prevent its fouling against the stop cock
body, the plug should also be machined. Otherwise it is necessary
to lay down a welded deposit on the plug using a brass electrode,
and then turn it down to fit the body. This method of repair is used
with bronze stop cocks. In the case of cast iron stop cocks the plug is
replaced.

After machining the stop cock body and plug, the latter is
scraped, and then the seat within tho body of the cock is scraped to
fit the plug.

The final fitting of the plug is done by lapping the faces together.
The stuffing box studs and packing are replaced.

Section 119 MACHINING THE SEALING FACES

The tightness of the sealing faces is determined by the quality of
surface machining. To obtain the necessary surface finish, the sealing
rings are lapped.

In stop valves, safety valves, regulator valves, and others, the
disk faces can be lapped directly against their seats. In conical stop
cocks the lapping of the plug is always done against the sealing face
of the body. In gate valves such direct lapping is not always possible;
therefore separate lapping hones of cast iron are used.

Lapping of sealing rings, gates, and disks is done on cast iron
lapping panels which are fixed; the lapping action is obtained by
moving the part. Complicated movements of the part are executed.
Lapping is continued until all the visible scratches are removed and
a uniform surface lustre is obtained.

Lapping is often done manually. If the process is mechanized,
special lapping attachments may be used in drilling machines;
alternatively, special lapping machines with movements imitating
manual lapping may be employed.

Device for lapping valves against their seats. For lapping conical or
flat valves against their seats, and also for lapping the external and
internal sealing surfaces (disks and seats, gates and sealing rings in
the body of gate valves, etc.) with the aid of a moving cast iron lap,
a device illustrated in Fig. 205 may be used. This consists of a revers-
ing head, a guiding bush, and a device for holding the cone, and
a clamp for holding the valve. The device is secured in a drilling
machine. The mechanism of the reversing head fully replaces the
hand movements in manual grinding. The silicon aluminium body of
the device has three ribs on its outer surface, which make it possible
to rotate the head in the guiding bush through 60°, so that the rela-
tive positions of the lid and the seat may be altered.

()
| !

‘T{__[_____ |

‘ ! Arrangement for securing
: valve cone to tail spindle '
|_ r’ l of grinding mactiine

by

, Guiding bracket
Reversing
head

-7

i

Fig. 205, Device for grinding tapered and parallel valves in their seats
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“Section 120 INSERTING THE PACKING INTO THE STUFFING
BOX

Various types of packing malerials are used, depending on the
working fluid, pressure, and temperature.

The packing is inserted into the stuffing box in the shape of cut
rings, the butts of one ring being at an angular distance of not less
than 90° from thoso of tho noxt ring..

To cut the rings of the proper size, the packing cord of the required
diameter is tightly coiled over a mandrel whose diameter is equal to
the diameter of the valve spindle. Then the butt lines arc marked and
the cord is cut directly on the mandrel. The butt ends of the stuffing
rings are cut accurately at an angle of 45°, and the rings themselves
are inserted, freely but without a large clearance, into the stuffing
box. Each ring is inserted separately and bedded down, starting
with the lowermost rings. In this operation a special wooden ram or
a press bush is used. The stuffing box bolts are tightened squarely but
without excessive tension.

Section 121 GASKETS

Depending on the purpose and design of the pipeline fittings
various types of gaskets (flat, toroidal, corrugated, toothed, and
special) made of various materials are used.

Flat gaskets are made of paper board, rubber, paronite,
sheet metal, or asbestos with copper, aluminium, or nickel cladding.

Toroidal gaskets are made of rubber, aluminium, or copper. Paper
board is the cheapest gasket material and is fully satisfactory for
water, masout, or oil, at pressures up to 10 atm. Gaskets are made in
thicknesses 3-6 mm.

Rubber gaskets ensure good tightness and are very resistant to
swelling and dissolution in water and in aqueous solutions of salts,
alkalis, and acids.

Paronite gaskets are used for pipeline fittings in air, steam and
water systems working at temperatures up to 450°C and pressures
up to 50 atm, and also in petrol, kerosine, and oil systems working
at pressures up to 75 atm and normal temperatures.

Copper gaskets are made of copper marks M-1 and M-3.

Aluminium gaskets are ductile and resistant to corrosion.

Asbestos-metallic gaskets are rings of asbestos board covered
with a thin copper or aluminium jacket. They are very strong and
resilient.

Preparation of soft gaskets. Paper board or paronite gaskels are
usually made by chiselling out, after having been marked out to the
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required flange size. This takes a long time and the gaskets are inac-
curate and have ragged edges.

Nowadays in many establishments in the Soviet Union, gaskets are
cut with a device shown in Fig. 206. It consists of a graduated rule 7,
rigidly held in a combined cone and socket type Morse No. 3, spring
4, centre 5, two slides 2, and knives 3, which cut simultaneously the
inner and outer edges of the gasket. The inner cut-outs are used for
gaskols of smaller diamoler.

Section 122 HYDRAULIC TESTING

Before installation, the valves should be hydraulically tested.
In certain cases, to ensure efficient and trouble-free working, steam
and air valves are tested under steam or air, respectively. This is
necessary because hydraulic tests are not always sufficient to find
faults in components designed to work with other media. It often
happens that a valve which has passed a hydraulic test will leak in
in service conditions.

Hydraulic tests are performed in special rigs fitted in valve work-
shops, or in specially equipped locations situated within the metal-
working and assembly shop.

In hydraulic tests, consideration is given to the working medium,
pressure and temperature with which the valve has to deal in service.
These service data permit, using the appropriate U.S.S.R. State
Standard, to determine the nominal pressure P, and the test pres-
sure P, necessary for the execution of the test. The Standard spec-
ifies two types of test: a strength test and a tightness test. Strength
tests establish the absence of cracks, cavities, etc., in the valve
body, cover, and other parts. Tightness tests are for checking the
scaling capacity of the valve.

Hydraulic strength tests are conducted at a water temperature
less than 100°C. The test pressure is taken as one-and-a-half the
nominal pressure, i.e., P; = 1.5 P,.

The strength test is carried out with the valve assembled and
the regulating element fully open. The valve joints are blanked off.
Before starting the test, the valve is filled with water and as little
air as possible is left in the valve. The water used for flooding the
valve should be at ambient temperature. The pressure is raised
gradually. When clamping the valve for the test excessive stresses
in the valve parts should be avoided. When conducting the tests
the tightness of the gaskets and the stuffing box is also checked. The
valve is considered to have adequate strength if, after 5 min of test-
ing at a constant test pressure P; no leakages, flaws, dripping, or
sweating are observed.
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Fig. 206. Device for cutting out soft gaskets
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Tightness tests are conducted at a water pressure equal to the
nominal pressure P,. Before starting the test, the sealing surfaces
should be cleaned of dirt and oil. The water used in the test should be
clean and should contain no foreign particles in suspension. When
filling the valve the same precautions should be observed as in the
strength test. The tightness tests are conducted with the regulating
element closed. The closure should be made without excessive
forces on the wheel. The use of additional levers on the wheel to
tighten the valve is not permitted since an abnormally tightened
valve may pass the tightness test but may not be.satisfactory under
service conditions.

During the tightness test it is recommended to flush the sealing
surfaces two or three times by slightly opening and then closing
the valve, when the valve is under pressure. After flushing and rais-
ing the pressure to the necessary value, the inlet valve from the
pressure source is closed and tightness observations are made.

In stop valves the test water is supplied from the inlet side and
the tightness is observed from the open side.

In gate valves the water is supplied from each side in turn and
tightness is observed from the free side. For double-sided gate valves
the water may be supplied to the central part of the valve body.
Both outlet openings should be free. In non-return valves the water is
supplied to the disk and the tightness is observed from the free side.
Hydraulic tests of stop cocks (single- or triple-acting) are done
successively for various positions of the index mark on the plug,
showing the direction of fluid flow. The valve is considered tight if
no leaks are observed after 3-5 min of testing under pressure.

In ship repairing practice, testing of steam or air valves is done
after installation on board, under conditions which the valve has to
withstand in service.

Thus, for example, a valve belonging to the boiler system will be
tested for tightness when the steam is raised to its working pressure.
During the test the valve is opened and closed two or three times to
see that the moving parts work freely, and then, with the valve fully
closed, the tightness is observed.

Valves fitted to compressed-air cylinders are tested after the
cylinders have been filled to the working pressure. The valve is then
closed, the pressure in the cylinders is noted, and is checked again
after 24 hrs. The valve is considered satisfactory if the pressure has
been maintained. Otherwise the valve faces should be subjected to
additional lapping (if there are no other causes for the loss of pres-
sure).

In steam or air tightness tests the valve should satisfy the same
general requirements as those specified for hydraulic tightness
testing.
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Section 123 INSTALLATION OF VALVES

The valves should be installed so as to ensure free access for in-
spection, maintenance, repair or replacement. Therefore valves in
horizontal piping should be installed with the spindle directed
vertically upwards, or placed at an angle above the horizontal.

Whon installing check valves and multiple-acting non-return
valves in lhorizontal pipelines, the correct direction of fluid flow
should be ensured.

If the valve is to be installed where access is difficult or its posi-
tion is inconveniently high, a remote control mechanism may have
to be fitted.

Before installing the valve, its specification markings should be
checked to see that it is suitable for the job. The specilication markings
are made on the valve body during casting or when grading the
valves. In addition, the suitability of the gaskets and securing parts
for the working medium and service conditions should be checked.
The valve should also be thoroughly examined and any defects that
may have arisen during storage or transport should be eliminated.
The free movement of the spindle, absence of rubbing or fouling
against other parts, and proper alignment of the parts should be
ascertained.

During installations all the regulating elements should be tightly
closed. When connecting flanged joints, especially in high-pressure
valves, it is necessary to ensure alignment and absence of eccen-
tricity; this is checked before the bolts or studs are tightened. The
tightening of bolts or studs should be done uniformly, in a crosswise
manner, to avoid deformations in the flanges. The threads of nuts
and studs in high-temperature systems are rubbed with graphite
which ensures easy dismantling after prolonged service.
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£—gauge screw for measuring eccentricity weather conditions, or at night.
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Fig. 245. Measuring bearing loads by means of dynamometers. Securing dynamo-
meters in feet of bearings
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Section 153 CHECKING LACK OF ALIGNMENT OF SHAFTING
FROM THE BEARING PRESSURES

A better and easier method than those described above is a meth-
od_in which the actual bearing loads are measured using dynamo-
oo LoAstire lising dynamo-

As with the preceding methods, the measurements are carried
out in calm water and in cloudy weather conditions, or at night.

Fixed loads (parts of hull, installations, machinery, etc.)should
not be removed, shifted, or unloaded before the alignment meas-
urements are carried out. Movable loads (water, fuel, oil, ete.) should
be distributed in the ship as for service at normal displacement;
they must not be moved during the measurements.

The heel and trim should not exceed 1°, and should remain constant
during the measurements.

When taking the alignment measurements note should be taken
of the temperatures of the water, albicnt air, and air in comparlments
the ship’s draught and its heel and trim; and the distribution of the
fixed and movable loads.

Sggcia_l__d\yr_m_l_qpmeters (Fig. 244) are used to measure the loads
on the bearings ol the intermediale shafts when making alignment
checks both before and after repairs.

The dynamometers are inserted in the supporting feet of each
bearing, one dynamometer on each side (Fig. 245); they are fitted
along a diagonal, if there ate two bolt Kolds in oach foot, or in the
middle holes, if three bolt holes in each foot are provided. An anvil
is inserted in the hole in the foundation.
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The size of the bottom end [/ of the dynamometer (Fig. 244)

should correspond to the size of the hole in the foot of the bearing.
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Fig. 244. Dyunamowecter for measuring bearing loads

The dynamometer is secured in the foot by a spanner nut '2,
inserted under the foot of the bearing. If the holes in the bearing
feet are threaded, the spanner nut is not used.

By screwing the dynamometer into the spanner nut, the dynamo-
meter shank # is lowered until it butts against the plate of the
foundation; further screwing lifts the bearing and puts a load on the
shank. ) )

The compression of the plate springs 4 and the corresponding
compression of the shank is read on the dial 5 secured to the cover 6.
To relate the amount of spring compression to the load, the dyna-

29260
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ﬁlootl(l;luflll lt?x(:ci;la;{)ibration card provided with the Ijn/strumcnt. The
dynamomeler measurcs loads with an error up to 5%. .
The alignment measurements are carried out as follows, To preve !
the shafts from shifting in the oil gaps, the shafts arc temlzlorfutlly‘
fixed in their bearings by inserting soft }vedgllng slrips u1‘ldel "ll|b
bearing cover, made of pressboard, paronite, or paper 1)0{111. . '\'\(iul
a thickness one-and-a-hall times greater than the 0’1‘1 gap an :l\ widt :
not greater than one-sixth of the .sha[t diameter. The bolts bufcltnllllng,
the bearing are removed, the shims are marked, and two do 1-cu(1’
are taken out. In their place the dynamometers are fitted, ilsnln,,‘
the bolt holes to screw in the shan}(s, as was descrlb(_:d a.bovc,l t' 1((1.
dynamometers are thus used as lifting screws and register the loa
ng. ‘
On'l‘atll:iengbsgll::z 1g.hat the loads on both dynamometers bclongm'g llo
the same bearing are equal, the bearings are lifted along the \.\fho ¢
intermediate shaftline. The lifting height should not beﬁ_'g_xegye%
than 0.1 mm above the bearing shims; this is sufficient to 'IC.Il’IIOV.(,‘
the shims by hand. The transverse shift of the bearings, \Vhi(} 1 ]15
checked by reference to the bolt holes in the foundation, shou \
not be greater than 0.1 mm. Before the load is put on thc.dynamonie-,
ters, the pointers on the dials are set to zero. The load is pm’L(lle}y\
screwing in the shank, first directly by hand, and then with the
ai amnner. .
M('ll‘h(()af d;l;(;xllsé)rieters should not be lo.aded beyond the nlum‘u?um'
permissible load noted on the calibration card; to achieve glledl:C\l
accuracy, a predetermined load should be approag;hed fr.om a lo“lc(ll"
value. The condition of the dynamometer and _its s‘prmgls s 11((1)‘1}
be checked at least once a year, an(} a new calibration should be
performed and recorded on the calibration card. o
Before writing down a dynamometer reading, x‘t is _ncces‘s‘n‘_\'
to check again the zero setting of the instrument. Yor this [)ULDfJb(';
the load is taken off the dynamometer and ‘gransferx'ed to .supporg}m;
screws inserted in the free holes in the bearing foot, and the reading
ial is observed. o '
o Itfh&g?(}i:ter has not retlurrée(?i to zero, the dial is suitably adjusted
y eter is loaded again. .
ane\ﬂtl}éi %lnatlﬁgn:lynamometers in the interm_ediate sha[thr}e.‘arc.
loaded, the vertical and lmrizon'tal loads acting on the bearings
are detéermined from the added insirument readings. o
The vertical load on the bearings Ry, 18 found from the expression

[Fo =G+ G 0.

where Grigne, Giest = a§hamometer readiqgs, kg
g = weight of the bearing, kg.
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. Equating the sum of all the moments about the point O to zero,
the horizontal component of bearing load is found

c [
— Riorizh -+ Grigne 5 Giest 5 = 0

o (Grignt—Greptye
[ R horiz = s

Hence

N N — ZIL P -

where ¢ = distance_belween_dynamometers, cm (see Fig. 245)
h = distance from the bearing surface of the foundation
~ _to_the shaft axis, cm (see Fig.”245).

The load on the after bearing of the engine or the reduction gearing
and on the forward stern-tube bearing is determined by calculation
during the building of the ship, since it is inipossible Lo fit, dynamo-
melers in these bearings. These loads can be calculated, because
the engine and the tailshaft are accurately aligned with the theoreti-
cal axis of shaftline, and the flexure of the intermediate shafting
at the end bearings, and its misalignment with the end shafts can
be ignored in practice.

During repairs, however, misalignment of the tailshaft, the
intermediate shafting, and the engine or reduction-gear shaft, and
the resulting additional loads on the end bearings, have to be con-
sidered. In this case the alignment of the tailshaft and of the reduc-

_lion-gear shaft or main-engine shalt with respect to theintermediate

shafting can be checked by measuring the eccéntricity and breakage
on the flanges, or by optical methods(see” Section 154), having

dismantled and removed the intermediate shafting. Affer the eccen-

tricity and breakage between the end shafts and the intermedials

shafting have been found in this way, the additional loads on the
end bearings can be calculated. 77

Kniowing the loads on the bearings, the accuracy of alignment
can be assessed by comparing the actual condition of the shafting
with the appropriate alignment standards, and a decision can be
made as to the necessity of repairs.

Inaccuracies of shaft machining and shaft flexure can be revealed
by turning the shaft and watching the indications of the dynamome-
ters; the readings will change if these faults are present.

The criteria of shaft alignment based on the absolute magnitudes
of cccentricity and breakage, as described in Section 152, are not
justified by practical experience of assembly and service; this can
be confirmed by studying the following cases of misalignment

(Fig. 246). A parallel relative displacement of the shafts, when one_
shaft is lower than the adjoining shaft (case ), is more favourable_
than a stepwise displacement (case . hg[*l‘hﬁ is explained by the fact’
that with stepwise displacement the loads on bearings, caused by
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forces P, which appear when the flanges are tightened, are added
together. The plus sign indicates an increase in the load on the
bearing, and the minus sign—a decrease. If only breakage is pre-
sent (case 3), the additional forces on the bearings arise from the
moment A applied to the flanges on tightening. The adverse eifect

(2}
} Rhoriz
h
Siere
R vert
NN\ T -
L

E c
Fig. 245. Measuring bearing loads by means of dynamometers, Securing dynamo-
meters in feet of bearings

of this will not apply to all the bearings. With a breakage correspond-
ing to case £, the additional forces will be distributed more unfa-
vourably. The most unfavourable case, as regards extra loads on the
bearings, is case 5, when the effects of eccentricity aund breakage
are combined. Here the additional loads due to eccentricity are
shown by the lower row of plus and minus signs, and those due
to breakage—by the upper row.

A study of these examples shows that the absolute values of eccen-
tricity and breakage, without consideration of the actual geometry
of the shaftline, cannot be taken as a criterion of alignment accuracy,
since the same values of eccentricity and breakage may give rise
to different loads acting on the beavings and to dilferent stresses
in the shaft material.

Depending on the_distribution of eccentricity and_ breakage on
the flanges, the loads on_ the bearings may vary appreciably. Thus
in some instances a misalignment of only a fraction of a millimetre
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may not be tolerable, while in other cases quite appreciable values
of eccentricity and breakage may be accepted.”  ~ T

Apart from the above considerations, the load on the bearings
depends on the dimensions of the shafts and the distance between

Case 1 ? £
- -+ -+ -
N A 7N ~
- _+ + -
4 ZAN
p P
Case 7 P

Tig. 246. Examples of misalighment of shaltline with various values of breakage
and eccentricity

the bearings. As can be seen from the preceding arguments, the
method of alignment checking based on direct measurement of bear-
ing loads is prelerable.
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Before Lransporting Lhe shafting components to the shop, they
must be suitably preserved and the working surfaces protected from
mechanical damage.

{ Dismantling the shafting in drydock fWhen the ship is in drydock
it is necessary (o measure che axial clearance between the propeller
boss and the shaft bossing or stern-frame boss, tuking the measure-
ments at four points {top, bottom, port, starboard), and to measure
the rvadial elearances hebtween the shalt sleeves and the stern gland
packing, also at four points round the periphery. When measuring

o 10~
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Fig. 251, Taking ofl propeller by means of hiydraulic press:
1—Dbody of press; 2-~plunger; 3—detlachable forcing plate; 4-—-set screw; i--pull bars;
G-—detachable mounting ring; 7—ring for coupling pull hars; s—tailshaft, §—propeller
buss;, lo—pipe; II-—gruoves in forcing plate

the clearances between the propeller boss and the shaft bossing
or the stern-frame boss, it is necessary to place the tailshaft in the
correct position, using the positioning bracket as a reference (Fig. 249).

The Iit of the propeller on the tailshaft is also checked, and a mark
is made indicating the position of the propeller, so that it can be
refitted correctly after repairs.

Dismantling in dock is carried out in the following sequence.
The stern-tube gland is dismantled and the packing is removed,
auxiliary staging is mounted and the hoisting arrangements are
prepared (hoist or tackle) for taking the propeller off the tailshaflt
and extracting the tailshalt (if it is designed to be extracted outboard),
Lhe fairing of the propeller and the stern gland are removed, the
tailshaft flange is freed, the propeller is taken off, the tailshaft
is extracted, and the stern-tube liner is pressed oul (if necessary).

The propeller is taken off with the aid of special devices or by
driving in wedges {(Figs. 251, 252, 253).
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Until the propeller is freed, the nut is not removed, but is backed
off two or three turns.

Section ABC

Cappe}'
washer

Fig. 252, Taking ofl propeller by means of studs screwed into propeller boss

d

Fig. 253. Taking off propeller by means of lorcing wedges

m . 1 1 1 i
 The action of the propeller pulling devices is clearly shown in the
illustrations.
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If it is not possible to pull the propeller off with these devices,
it is necessary to heat the hub with gas torches, taking care notto

1 2

/

67 3 4 5

~._ To pump

Iig. 254, Extractling stern-tube bush by means of ring jack:
I—bush: 2—pull rod; 3—hody of ring jack; 4—plunger of jack; 5—plunger head; 6—leath-
er washer; 7—Dbholts
A—1lwelve holes round periphery to reduce weight
heat the tailshalt. Alter the propeller and the stern-tube gland have
been removed, the radial clearances between the stern-tube and
bracket liners and the tailshalt are measured with a feeler gauge
at least 200 mm long, at four poinls round the circumference.

1 b 2 4
e a ; 4_/ =
. ==
¢ bd |\ N\
{72222 2
. . To pump
Fig. 255. Extracting stern-tube bush:

1—hush; 2-——pull rods; 3—forcing cross bar; 4—cross beani; s—Nhydraulic press; 6— thrust
ring

The tailshalt is removed with the aid of tackle.

After removal of the tailshaft the wear of the stern-tube and
bracket liners is found by measuring their bore.

Stern-tube liners are pressed out using devices shown in Figs. 254,
255.

After the shafting has been dismantled, the components needing
repair are taken to the appropriate workshops.
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Section 156 WEAR ANI) DAMAGI

The main types of wear and damage found in thrust shafts and
intermediate shafts are wear of journals and [ormation of ridges,
scratches and scuffing marks on the journals; wear and scuf[mg
of thrust collars; deformation of the bolt holes in the flanges; corro-
sion; cracking; bendmg and fracture of the shafts.

In tailshafts, in addition to the forms of damage enumerated
above, there may occur weakening and damage of the sleeve; damage
of the threads (crumpling, jagging); damage of the keyway in the
tapered part of the tailshaft; fractures, which occur mainly at the
transition of the tapered part into the cylindrical part.

Wear of the journals leads to reduction of diameter and to the
formation of elliptical or tapering journals.

Formation of ridges occurs when the wearing action affects only
part of the length of the journal.

Damage of journal surfaces appearing in the form of scratches
and scuffing marks is mainly caused by hard particles which pene-
trate into the clearance between the journal and its bearing. Scuffing
may also occur if_the bearing linings start to melt.

The bolt holes in the flanges may become deformed as a result
of misalignment of the shafting or non-observance of correct proce-
dures when tightening the bolts.

Cracks in shafts may result from local stress concentrations,
thermal stresses, impacts, low quality of material (scale, porosity),
welding defects (in fusion welding or building-up). Stresses may
be caused by incorrect shape of the components (incorrect fillet
radius, openings, etc.), local corrosion, misalignment of the shalting,
and thermal stresses caused by a rise in temperature due to insui-
ficient lubrication. Cracks cannot be_allowed to remain in the shalt
and _must be repaired at once.

“Flexure of the shalts may occur when the shaftline operates in
abnormal conditions, and may also be caused by considerable misa-
lignment or accidental damage.
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Flexure of the shafts may be the result of unsatisfactory repairs
or uneven wear of bearings due to hull deformations.

Bent _shafts are unacceptable, since they impede, or completely
prevent, the assembly of the shaftline.

Fracture of shafts can be regarded as belonging to the same damage
category as cracking, since its causes are the same.

Tailshafts work under more_difficult conditions than other p_a;gs
of the shafting. If the propeller has suffered corrosion or erosion
damage, or, especially, if one of the propeller blades has become
fractured, the balancing of the propeller is upset, and additional
periodic flexural forces are created, which cause additional stresses
in the tailshaft.

Flexural stresses in the tailshaft are increased when the ship
sails without cargo or ballast owing to the eccentricity of pro-
peller thrust resulting from the partial emergence of the pro-
peller.

Wear of the stern-tube bearings, and particularly of the bearing
nearest to the propeller, causes bending of the tailshaft and an
increase in the amplitude of flexural stresses.

In stormy seas there are also additional dynamic stresses acting
on the tailshaft, resulting from frequent and short periods of pro-
peller -emergence.

Tailshafts corrode most intensely in places where contact hetween
dissimilar materials occurs. The situation is made more complicated
by the fact that it is impossible to keep a walch on the tailshaft
in service; to examine and, if necessary, replace the tailshaft, the
ship requires docking, or, alternatively, it has to undergo a compli-
cated sequence of operations if this work is to be carried out with
the ship afloat.

The main factors contributing to operational difficulties with
which the propeller has to cope are the corrosive action of sea water;
the action of alternating bending forces; impact of ice, floating
objects, or sea bottom.

The main reason for the fracture of tailshafts at areas of transition
from the tapered to the  cylindrical part is corrosion fatigue of the
_material.

“After a relatively long period of service, cruciform cracks appear
on the tailshaft surface between the sleeves (F (Fig. 256). They are
caused by the prolonged action of torsional “stresses. Development
of cracks ‘can"also be "caused by corrosion.

Fig. 257 shows damage done to a tailshaft by a rope which has
coiled itself round the shaft and has remained there for some time
while the tailshaft continues to run. The rope had become wedged
between the back of the propeller hub and the bossing, causing
intensive wear to that part of the tnilshaft. Damage of this type
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is not [requently encountered but the ensuing repairs Lo the shaft
and the propeller arc of interest.

Fig. 256. Cruciform cracks in tailshalts

Fig. 257. Tailshaft wear as a result of fouling by rope

) Charqcteristic forms of wear and damage in bearings are described
in Section 9.

[Stern-tube bushes.\ Types and causes of wear and damage in slern-
tube bushes made of cast iron or bronze, and lined with whitemetal,

lignum vitae, co_mposite plastics, or rubber are, in the main, similar
to those found in bearings. : ‘
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Wearof the whitemetal lining or of the lignum vitae, etec., staves
is determined by measuring the clearance between the tailshaft
and the working surfaces of the bush. There have been instances
in which, owing to particularly difficult service conditions and

Fig. 208. Wear of stern-tube bushes

delayed repairs, very heavy wear occurred in stern-tube bushes,

affecting ot oily the whitemetal ‘o lignum vita lining, but also
the bush itself (Fig. 258). As can be seen from the illustration (the

‘Bush shown on the left) the bush is completely worn at the top and

only the sides and the bottom parts remain.

“Seotion 1577| DETERMINATION OF DAMAGE AND WEAR

Shafts, bearings, and other parts of the shafting which are to be
repaired according to a preliminary defect survey are taken to the
shop where they are cleared of dirt and rust, and given a more thor-
ough inspection. }

To facilitate inspection of tailshafts, the keys are removed from
the keywds in the tapered portions. __ _ . ___

\Thrust_shafts, intermediate_shafts, and tailshafﬂare examined
externally to find any cracks, corrosion, bending, and other defects
which may be present.

The amount of shaft wear is found by measuring the journals
with a micrometric gauge; the measurements are taken in two mutual-

o~ N
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ly perpendicular planes, minimum at three points along the journal
or sleeve.

_Shaft_wobble _is_measured_on journals, sleeves, tapers, thrust
collars and ﬂanges The results of the wobble and wear measurements
‘are noted down in_tables (Tables 21, 22) from which the character
and e\tent of wear and damage are determined.

Table 21
stern Middie l"or\\'unl l
Location of —_ - 1
il‘““‘a} or Measurement Measurement Measurement !
i sleeve localion location tocation i
i o i
— e s
%\Ieasurement 1 2 3 1 2 3 1 2 ! 3
direelion t :
: 1
Verlical i
. 1
Ilorizontal .
Table 22
asutement | .
A I(‘lzzl:l?:)?f " a|bj|ec ‘ dje f g4 hyi I 'm l n

j k ‘l o
: . R e L
Amounut of
i wobble

The maximum permissible ellipticity and _taper of intermediate-

shaft ‘journals and of the tailshaft sleeves in service are:
(1) for intermediate shafts with diameters from 120 to 500 mm:
ellipticity from 0.25 to 0.45 mm), taper from 0.25 to 0.50 mm;

(2) for tallshafts “with the same dlametels elhphcxty [rom | U 30

to 0.60 mm, taper from 0.40 to 0.70 mm.
Comparmg “the measured values of wear with the maximum per-

missible values, the decision whether or not to repair can be made.

To examine the condition of the thrust collar, the thrust shaft
is mounted in the centres of a lathe. The presence of deformation
and wear is checked with micrometers and dial gauges. The need
for repairing the holes in shaft flanges is determined by applying
sliding calipers, inside calipers, or a bore gauge. Larger holes (in
large shafts) are measured with a micrometric gauge, or with a bore
gauge used together with a feeler gauge.

__The condition of the propeller-nut thread on the tailshaft is checked,

and so_is the thread of the propeller nut itself. The thread condition

can be assessed by eye, by measuring the thread profile, or by exper-
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imentally serewing the nut on the tailshalt. The thread should be
smooth, without stripped portions. The nut should traverse the
whole length of the thread under normal screwing torque; loose
nuts are reBlaced The thrust face of the nut should be perpendicular
to the axis of the nut. The nut, when screwed against the propeller
hub without forcing (i.e., without hammering the spanner) should
have the whole of the thrust surface in contact with the hub.

Wlhen o‘mmmmg keyways in the tapered portions of the tailshalts,
attention is paid to the (,ondltlon of the keyway sides and edges.
If the sides are distorted “or otherwise damaged, and the damago
extends Lo more_than 25% of the length, or morc than 30% of the
depth, of the lxeyway, repairs are necessary (milling or scraplng)
The "permissible increase of the width of the keyway is 10% of the
nominal width.

If eracks appear on the surface of the shafts, their extent and
depth should be determined. Then the minimum acceptable diame-
ter of the shaft is calculated, and is compared with the diameter
that would be obtained if the cracks were completely.eliminated
by turning down the shaft in the damaged zone.

If the calculation shows that the shaft will still be strong enough
alter machining off the cracks, this method of repair is recommended,
Otherwise, the cracks s should be welded.

The problem of repairing the cracks in the tapered part of the

tailshaft, or in the cylindrical part at the area of transition, depends
on the clearance between the propeller and the stern tube or bossing.
If the scantlings of the tapered part after machining are found to be
sufficient, and if the clearance between the propeller and the stern
tube is normal, machining can be recommended. Otherwise, welding
has to be us_edk to_repair the cracks.

[ Journal “bearings.] The oil cavities in the bearings are tested by
pouring in kerosine. The bearing housing or cover is replaced if

large cracks or fractures are present. If the cracks, flaws, local cor-
rosion, elc. , are hght repaus can be done by ‘welding or by ﬁttmg_
tie inserts.

The fit of the bearing shells in their housings is also checked.

The condition of the whitemetal lining is assessed visually, by
tapping, or by the kerosine test.

When considering bearing repairs, it is necessary to take into
account the repair work that will be done on the intermediate shafts.
Thus if it is intended to turn down the ]ournals, the bearing linings
must_be recast, irrespective of their condition, to restore the dimen-
SlOI}_fi__l__IIE_}_@thDShlp between the journal and the bearing.

[ Thrust bearings [are tested in a siinilar way as journal bearings.
In addition, the thrust pads are exammed to assess the condition

of the whitemetal lining.
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The wear of the segments of the thrust bearing is determined from
the increase in the clearance between the segment and the thrust
collar. From practical experience, the permissible loss of thickuness
of the whitemetal should not exceed 60-65% of the normal thickness.
7o find the wear of the thrust pads the thickness of the whitemetal
lining is measured. Separation of the lining is detected by the
chalk-kerosine test.

Stern-tube bushes] For the defect survey the stern-tube bushes
are cleaned, and if they are fitted with a lining of lignum vitae
or its equivalent, the lining is removed.

An external examination of the bushes reveals cracks, flaws,
fractures, and defects in lining [ixtures.

The external diameter of the bush is measured at three locations
along the bush, and at each location two measurements are taken,
in mutually perpendicular planes.

In bushes lined with whitemetal, the condition of the whitemetal
is examined to decide whether recasting is necessary.
| Stern iubesjare examined in situ to check for cracks and corrosion
damage.

To measure the thickness of the tube wall, test drillings are made
with a 4-6 mm diameter drill. If corrosion has caused a local thinning
“of the wall to 50% of the original thickness, the tube is replaced;
if the local loss of thickness is 30%, further drillings are made, and
if similar thinning of the tube is observed, the tube is also replaced.
"{Fairings and housings{are cleaned and examined for cracks, corro-
sion, and deformations. Bent fairings and housings can be straight-
ened. If there_are cracks and pits deeper than 25% of the thickness
of_the plating, the fairings and housings are replaced.

D pelines] Detection of defects in, and repairs of, pipes belonging
to lubrication and cooling circuits are carried out in the same way
as in the case of other pipelines (see Chapter VII).

Section 158" | MACHINING OF SHAFTS AND REPAIRING THREADS
ON TAILSHAFTS __ __.__. . :

(.Machining of shafts.\lf_the shaft journals are worn, and have
therefore become elliptical or tapered beyond the permissible limits,
or if Thers'is surface damage on the journals’ (fissures, scores, nicks,
cavities) and thrust collars, or if wobble is detected which is greater
than can be accepted, the journals and collars are turned down and
ground. :

" "Iithe journals of the thrust and intermediate shafts can be turned
down to a diameter which will not be less than the diameter of unsup-
ported portions of the shaft, turning is allowed, since the question
of general reduction of shaft strength will not arise. If, however,
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a greater reduction of the journal diamcters is contemplated, then
the strength of the shaft in the new and weakened condition must be
considered before the machining operations are started.

The centring holes of a shaft are used for mounting the shaft in
a lathe. If there are no centring holes, disks with central holes are
secured to the flange recesses.

When machining the journals it is necessary, without removing.
the shaft from the lathe, to check and, if necessary, to machine the
flange face and rim to the dimensions of the other flanges, and to
rectify the centring recess or step in the flange. When machining the
centring recess or step, the flange ring should be shrunk on the flange
and machined together with the flange.

When machining the working surfaces of tailshafts, the tapering
portion should be checked and, if necessary, machined; the thread
for the propeller nut should be smoothed.

In repaired shafts, the following amounts of wobble are acceptable:,

(1)in journals, sleeves, and centring recesses—less than 0.03 mm;

(2) in"flange faces and thrust collar faces—less than 0.015-0.02 mm;

(3) in"flange “rims—not, more’ than 0.01" mui ‘for_cach 100 mm of
flange, diameter;. . T T
(4) in non-supported portions of the shaft—0.1 mm,

~ Concavity of the flange face should not exceed 0.05 mm; convexity
is not allowed. " uid : U.Uo mm; conyexit
_The permissible ellipticity and taper of intermediate-shaft jour-
nals and of tailshaft sleeves after repairs are as follows: 77
“(1) for intérmediate shafts with diameters 120-500 mm: ellipticity
from 0.02 to 0.04 mm, taper from 0.02 to 0.05 mm;

(2) for tailshafts with the same diameters: ellipticity from 0.02
t0 0.05 mm, taper from 0.03 to 0.06 mm. ) e

If the corrosion damage on the tailshaft tapers is deep, the tapers
can be turned down. This type of repair is advisable if a replacement
of the propeller or coupling is contemplated. Otherwise the taper
should be repaired by building-up, with subsequent turning. After
turning the surface finish should be not less than v 8 for intermediate
shaft journals and for thrust collars, and not less than 7 7 for tail-
shaft sleeves. The presence of certain small, local defects (scores,
nicks, ridges, etc.) can be tolerated if their edges are ground down.

|Repair of threads in tailshafts. |The tailshaft thread is checked and
repaired at the same time as the sleeves or journals are machined.

* Slight ragging of the thread can be eliminated by shaving off a thin

layer of the material. .
If local damage occurs on some of the threads, it can be removed_
by manual filing, provided that not less than half of the thread
profile height is left and the length of the affected thread is less than
60% of the circumference and the total-length of the threads repaired_
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in this way is not more than 15% of the total length ol the threading.
More serious thread ’damage is eliminated by cutting a new thread
to the next smaller diameter, and preparing a new nut to suit, The
possibility of cutting a new thread should be confirmed by strength
calculations.

If the thread diameter cannot be reduced, the thread should be
repaired by laying an electrically welded depomt on the affected
portions of the threading, or on the whole threaded area, with sub-
sequent machining. The thread in the nut should correspond to the
thread on the tailshaft, and should be smooth and continuous. Indi-

vidual nicks on the nut edges should be filed off.

} - T ] e e — N e e e
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elhptmlty, taper, and surface damawe pr0v1ded tlmL the remaining
thickness of the sleeve is not less than 50% of the original thickness.

"The minimum thickness of a new sleeve is determined from the
following equation specified_ by the Sovjet Register

(1—1—23)
32 )
where { == minimum thickness of the sleeve, mm
d= slm[t diameter, mm.

If cracks and other “defects are concentrated in not more than one-
third of the sleeve length, on the portion of the tailshaft where the
insertion of a new sleeve portion is possible, it is permitted to carry
out such partial sleeve replacement. The new sleeve portion ‘should”
"be made of the same material as the remaining part. The permissible
difference in hardness is about 15 Brinell units.

Individual pits down to 2 mm in depth are acceptable, provided

they occupy not more than 3% of the whole external surface of the
sleeve,

| =

mm

of the orlglnal thlckncss, or if Lhe ﬁl, of the sloovc on the blld[l, is
weakened, or if casting faults (pores, cavities) and cracks are present.

In these cases the old sleeves are removed, the facings for the new
sleeves are checked in a lathe, new sleeves are prepared, fitted on the
shaft, and finally machined.

Removing old sleeves is done by cutting longitudinal slots in the
sieeves in a planing or a milling machine, or by means of a pneumatic
chisel.

After the sleeves have been taken off, the exposed surfaces are
examined and measured. The surface should be clean and smooth
(free of corrosion traces and other defects).
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‘"The permissible ellipticity and taper of facings_for new sleeves_
are in the range from 0.02 to 0.05 mm for bha[ts of dlamcters from 120
to 500 mm. I

The materials used for the sleeves should be resistant to corrosion
and wear, and should be easily cast. Suitable sleeve materials are
bronze, brass, nickel steel and stainless steel. If the stern tubes are
lined with lignum vitae, laminated birchwood or rubber, a better
sleeve material is one of the tin bronzes, for example, Dp. OL110-2.
However, the scarcity of tin bronzes limits their use.

In small ships with tailshaft diameters not more than 120-150 mm,
brass sleeves may be used, for example, manganese-iron brass type
JIMuE55-3-1 or JIH{MuHY-1-1 and manganese brass type JIMnd8-2..
These alloys may be used only with light bearing loads. Furthermore,
they do not perform very well in flowing sea water, owing to their
tendency to dezincification.

Stern tubes lined with_whitemetal are oil-lubricated,_therefore
1110kel_§tggl tailshaft sleeves may be used with “them. Tailshaft
sleeves in large ships may reach a length of 3-4 m. Casting such slecves
is very difficult, and large errors may occur in t]l()ll‘ machining.
Moreover, fitting such long sleeves on the tailshaft involves difficul-
ties, and cracks and sepamtion between the sleeve and the shaft may
rcsult Therefore the sleeve is made in separate sections, each three
to four shalt diametersin length; they are fitted on the shalt in succes-
sion, the bulis being subséqueritly rolled in a lathe. This is a con-
venient and satisfactory method of joining the butts, and is widely
used in the Merchant Marine ship repairing establishments. The
following technological procedure may be recommended for fitting
composite tailshaft sleeves.

"The cast sections of the sleeve are finish-machined on their inter-
nal and butt surfaces, as shown in Fig. 259. This is followed by hydrau-
lic testing of the sections under a pressure of 1.5 atm. The shalt
on which the sleeves will be fitted is mounted horizontally on wooden
blocks. The sleeve sections are heated in special heating boxes to
300-400°C, checking their diametral expansion at the same time.
A diametral expansion of 1-1.5 mm above the shaft diameter is suf-
ficient to move the sleeves easily along the shaft. The sleeves are slid
over the shaft using straps fitted for this purpose on the heating
boxes, and after positioning them in their intended places on the
shaft they are cooled with compressed air, working from the end
which will be in contact with the next sleeve section; thus the sleeve
joints will grip the shaft before the remaining portions of each
sleeve.

The subsequent sleeve sections are htted in the same way.

The shaft with its sleeves in place is mounted in a lathe, and the
sleeve joints are pressed in two passes with a roller. The first pass
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Fig. 259. Machining of sleeves with pressed joints:
a—intermediate slecve; b and c—end sleeves
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is made to a rolling depth of 1 mm; the whole sleeve is then turned
down to this depth, and the second rolling operation is executed, this
timo to a rolling depth of 0.5 mm.

Then the shaft is turned down again, and the sleeve is ground until
the specified thickness is obtained.

The sleeve joints are protected from corrosion by coating with
rubber (this is the shaft vulcanization process), ‘the coating compound’
consists of W mixture of rubber, sulphur, zinc whiting, chalk, and
paralfin wax. This type of coating material is produced by the rubber
industry in the form of sheets of standard sections.

Semon 160 SPUTTERING OF TAILSHAFTS

To protect tailshafts from corrosion, sputtermg may be carried
out. To this end a coat of stainless steel is deposited on_the shaft.
instead of httmg sleeves “on it.

The operation is done in_the Tollowing stages (Fig. 260):

(1) machining (turning) to obtain a smooth surface;

(2) thread cutting with a semicircular cutter;

(3) thread rolling to obtain a profile which will ensure good bond-
ing between the sputtered and the parent metal;

(4) application of a sputtered layer of stainless steel;

(5) machining the layer to the required thickness.

Fig. 260 shows the thread profile after rolling, and the thickness.
of the layer before and after machining.

Section 1617| REPAIR OF KEYWAYS IN THE TAILSHAFT TAPER,
AND REPLACEMENT OF KEYS

[Repau of keraJsJ Small defects of the sides and edges of the key-
way, in the form of dents and scuffing marks, can be eliminated by
filing. Substantial cr umplmfr and other defects in the sides and edges,.
affectmg more than 25% of the lengt_h or more ‘than 30% of the depth_
of the keyway, should be’ 1epa1red by milling the keyway to a greater
width, with subsequent scraping. When working on the keyway,
care should be taken to remove as little metal as p0351ble

As aresult of widening the keyway, a stepped key may be inserted.
However, the permissible increase. in the width of the keyway_over:
the nommal width is not_more than 5%, or not more than 4 mm,
whmhever is the smaller More heavily damaged keyways, that can--
not be repaired by these methods, are restored by electric building-
up. This may entail partial weldmg, with »sp_bﬁs_equent m1111ng, or
complete welding of the keyway, ‘and making a new keyway on fhe-
opposite side of the shaft. Before building-up it is necessary to make-
sure that there are no cracks (which may appear in the corners be-
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tween the side of the keyway and the base), and the keyway should
be prepared by smoothing it and filing the sides and the damaged
portions.

Welding is done in the downhand position to achieve good results.
For this purpose the shaft is rested on rollers and is rotated to the
best position for welding.

Machining of keyways should satisfy the following conditions:
the smoothness of the surlace should not he less than <7 6; the dilfer-
ence in keyway widlh, measarved at both ends, should be not greater
than 0.05 snm per 100 mm of keyway width; the dilference in keyway
depth measured at both ends should not be greater than 0.30 mm.

[1he key is replaced Jif there is a gap between the key and the sides
of the keyway, or if the key rocks within the keyway, or if there is
corrosion and other types of damage. ;

_The keys are made of forged steel, and after machining they are
lapped on a lapping plate until a surface flatness of four spots per,
1'c¢m? (as measured in the paint spot test) is obtained. With a finished
key, it should not be possible to insert a feeler gauge 0.05 mm thick,
between the key and the plate. Théreafter the key isaccurately fitted
to the keyway.

The key is considered a good fit if there is no rocking in the keyway
and all the surfaces are in good contact. It should not be possible to

insert a 0.05 mm fecler gauge between the key and the sides of the
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keyway. At least 85% of the key surface on each side should be in

‘contact with the side of the keyway. At the same time the contact

areas should be uniformly distributed along the key. The bottom
surface of the key should also be in good contact with the bottom of
the keyway. To avoid uneven pull-up of the propeller on the tail-
shaft taper, a clearance of 2-3% of the key depth is left between the
key and the keyway base in the propeller base.

Section 162 I REPAIR OF SHAFTS BY WELDING

|Refacing of journals.|To reclaim worn, corroded, or otherwise
damaged " portions  of " the shaft, electric-arc building-up can be
used (see Section 10). There is practical experience of this method
for journals and for the tailshaft tapers and threads. As much use

as possible should be made of automatic, semi-automatic, and rapid

manual welding processes. However, the Rules of the Soviet Regis-
ter 'do not exclude the application of the ordinary single-electrode
manual process for refacing shafts. The use of automatic or semi-
automatic welding methods requires the application of special
devices for moving the welding head, rotation of the workpiece,
retention of the flux, etc. Certain ship repair establishments are
successfully using semi-automatic machines for laying welded depos-
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its on cylindrical parts. The semi-automatic welding rig is secured
to the tool rest of a lathe, and the workpiece is rotated in the lathe
centres,

[ Welding up boli Roles in shaft flanges.\The bolt holes in shaft flanges
may become deformed in service. The metal inside the holes may be
crushed to such an extent that reboring the holes to a larger diam-
eter may be practically impossible. In such cases ship repair estab-
lishments adopt the method of filling "the ‘old holes by welding ani
drilling new Toles in the intermediate spaces. After the old holes
have been filled with weld etal, it is necessary to finish off the weld
from hoth sides of the flange, performing this operation in the same
sequence as the filling operation.

Thereafter the flanges are subjected to thermal treatment (sce
Section 10). Finally the welded regions are machined and the new
bolt holes are drilled between the filled holes.

[ Welding of blind cracks in shafts.\If cracks are discovered in the
cylindrical portion of the shaft it is necessary to determine precisely
their length and depth and to weld the cracks in accordance with
the requirements_outlined in Section 10.

Welding of flanges or collars to shafts.! When repairing shafts, and
also when fabricating “shafts of welded construction, it may be
necessary to weld a flange to a shaft, or a collar to a thrust shaft.

Repair yard experience indicates that satisfactory exccution of
this work by a manual method is practically impossible, aparl
from being inefficient. In view of this, electroslag welding is recom-
Iended for welding shaft elements. ' T

[Repair of bent shafis] Bent shafts can be repaired by machining,
or straightening and machining, or straightening followed by elec-
tric building-up and machining. Machining may be effective when
the flexure is slight; in this case the amount of material machined
off will not endanger the strength of the shaft.

With more pronounced flexure, local heating of the shaft to 900-
1000°C is recommended with subsequent machining of journals and
flanges. When using electric building-up in the case of heavy flexure,
this is preceded by initial straightening with local heating and turn-
ing of the journals in preparation for welding; after welding, the shaft
is again machined. Shafts may also be straightened by hammering
or local heating only (sce Section 18).

Scction 163 BORING OUT OF BOLT HOLES IN FLANGLES
AND COUPLING OF SHAFTS _

— -

When repairing shafts, it is often necessary to bore out or ream out
holes for connecting bolts in the shaft flanges.

Taking the shafts from the ship to the workshop only to bore out
the holes, when no other repairs are necessary, is inexpedient; there-
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fore the holes are corrected in situ. Working on the holes by hand is
laborious, and so mechanical devices are used for this purpose (Figs.
261, 262).

_ By pairing of shafts is meant joining two adjacent shafts by tem-
porary bolis, checking the shafts in"a lathe or in bearings mounted
in the shop, and eliminating misalignment. o
“Pairing is done after repairing and individual checking of cach
shalt. To start with, the tailshaft is matched to the first intermediate
shaft; the intermediate shafts are matched to each other, procceding
from stern towards the bows. Mounting the shafts in the lathe and
temporary coupling is done as follows. First one shaft is mounted,
ono end being secured in the chuck and the other end resting on aring
support. The ring support should be positioned in the middle of the
journal. Then a centring ring is inserted into the flange recess, the
ring having been prepared earlier and aceurately fitted o the Nange
recesses of the shalts using the paint spot method. Then the second
shaft is mounted in the machine, with the aid of hoisting tackle,
and one end is inserted into the centring ring while the other end is

rested on a ring support, the flanges are tightened with temporary

bolts, and the goodness of fit is checked with a feeler gauge. It should

not be possible to insert a blade of 0.03 mm thickness to any appre-

ciable depth at any point round the circumference.

" Chiecking the paired shafts consists in measuring with a dial gauge
the wobble of the shaft journals and of the flange annulus. The wobble
of the flange should not be greater than 0.03-0.04 mm. Wobble of
the journalsindicates a break in the continuity of the axis of the shaft-
ing; wobble of the flange shows the breakage of the axis of the indi-
vidual shafts at the flange coupling. This breakage is eliminated by
scraping the flange surfaces.

After complete alignment of the paired shafts, the bolt holes are
reamed out and the bolts are fitted. Therefore one of the temporary
bolts is removed, the bolt hole is reamed out, the bolt is fitted and
inserted, and the nut is tightened. All the other holes are reamed out
in turn aund the permanent bolts are inserted. The bolts are ground and
accurately adjusted to the holt hole diameters, using the paint
spot check. With a well fitted bolt the paint spots are uniformly
distributed over not less than 75% of the surface of the shank. With
conical bolts, the pull-up is made about 2-3 mm.

If the fit is poor, the holes are rebored, or the internal surfaces are

scraped until satisfactory contact with the bolt is obtained. Properly

fitting_ bolts should enter their holes tightly when gently tapped
with a lead_hammer weighing 4-5 kg. The nuts should be capable
of being screwed on by hand and should run smoothly and without
play in the threads. For cylindrical bolts the permissible ellipticity
and taper are not more than 0.01 mm. The holding surfaces of the
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Fig. 262. Device for reaming out flange holes on board ship:
I—base; 2—slide; 3—reduction gearing; 4—coupling; 5—connecting sleeve; 6—nut
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bolt heads and nuts should be perpendicular to the bolt axis and
should be in complete contact with the flanges; this is checked with
feeler gauges. It should not be possible to insert a gauge blade
0.05 mm thick under the bolt head or nut. A partial insertion of a
Biado of this thicknéss can be accepted, provided that the total
length of the sectors where “biting™ of the blade takes place does not
exceed 10Y% of the perimeter of the head or nut.

After the pairing of the shafts has been completed, the flanges are
marked with numerals, letters or index lines. The numeral denotes
the number of the shaft, the letter /¥ or A—the fore or after flange.
An index line traversing both flanges fixes their relative position.
The bolt and its hole are also marked with corresponding numerals.

Pairing of the shafts can be carried out in temporary bearings if
the repair establishment is not equipped with appropriate machines.

Section 164 REPAIR OF JOURNAL AND THRUST BEARINGS

[Journal bearingsJIf there are cracks and other defects in the bear-
ing housings and covers, these parts are replaced.

The feet of the bearing housings should be scraped and paint-
tested on a ealibrating slab, to attain a flatness of not less than one
paint spot per 1 cm?®. Asperities higher than 0.1-0.2 mm are climinal-
.ed with a grinding disk. ‘

The main type of bearing damage is weardown or defects in the
whitemetal lining, If the wear of the whitemetal lining exceeds 50 %
of the working thickness, or if there is cracking, separation or crumbl-
ing of the layer, the bearing should be recast. This should also be
done if the shaft journals are turned down_during repairs. Local
building-up_of whitemetal can be used_to_correct individual defects
of the lining. .

“After recasting the bearings, the surfaces in the joint between the
plummer block and bearing cover are scraped and ﬁttedlto‘gethey;
the backs of the bearing shells are [itted and paint-checked in their
housings; the joint surfaces of the upper and lower bearing half-
shells are filled and scraped so that they mate properly when the
bearing cover is put on; the axial clearance of the shells in the bear-
ing housings is checked; preliminary machining of the cast 'meta_\l
is performed; the quality of the casting is checked; the lining is
finally machined and scraped to [it the journal. ) )

Machining of the bearings is carried out conveniently in a h.Ol‘l-
zontal combined milling and turning machine. After machining,
a seraping allowance of 0.15-0.20 mm should be left. .

Then the flange surfaces of the plummer block and bearing
cover are painted with oil-resistant enamel, and the external non-
machined surfaces—with red lead.
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When repairing bearings, it is also necessary to check and, if
needed, overhaul their foundations. Raising or lowering of the bear-
ing axis, required in the aligning procedure, is achieved by altering
the thickness of the foundation chocks. It should; iowever, be Temem-
bered that the thickness of the chocks should be not Tess than 20 mm
“and not more than 40 mm. Greater changes in the position of the bear-
ing"axis Tare achieved Dy altering the height of the foundations.

FFor transmission shalt bearings it is advisable Lo use spherical or
adjustable types of packing plates, such as ar¢ used With successn
‘Securing “ship’s machinery. If” it is necessary to alter the position
‘ol a” bearing; “the "old holes foi'thé holding=dowi holts'canbe filled
up by welding, and new holes drilled in the foundation.

\Z'hrust bearings ] 1t there “are cracks in the body of the bearing,
they are’ welded, and the bearing is tested in a similar way as a jour-
nal bearing.

Repair of the thrust elements is also similar. Il the clearances
in the bearing are excessive owing to insufficient thickness of the
whitemetal lining, the thrust pads are relined. This is also dong if
separation of the lining occurs. The adhesion of the lining to the thrust
pads is checked as described in Section 20.

Machining of the thrust pads consists in milling and scraping. The,
dilference in thickness between individual pads should not exceed

0.02 mun. The same tolerance applies to dilferent points on any given
pad. The thickness of the pads is measured with a dial gauge on a cali-
brating plate, or with a micrometer.

During assembly, the thrust collar_is covered with paint and is
rotated while being kept in contact with the thrust pads. From the
traces of paint on the pads an assessment may be made of the good-
ness of fit and assembly of the bearing.” -~~~ T T
" "The contact of a correctly Titted pad ‘with the collar should be over
an area not less than 70% of the working surface of the pad. I ¢on~
tact is unsatisfactory, the pads are scraped again. The Tinal check
of the pads is done without paint, by observing the rubbing marks.

Section 165 | REPLACEMENT AND REPAIR OF STERN-TUBR
BUSHES

| Zepldcemernt™of slern=iibe Lushes.|1f wear and damage are heavy,
so thal repairs are’ Tnadvisable, the stern-tube bush is replaced; this
is also done il the stern tube has been rebored. The bush can be regard-
ed_as a strengthening shell within the stern tube, and is lined with
staves of lignum vitae, laminated plastics, textolite, or rubber.
Stern-tube bushes lined with whitemetal are also used.

Alter casting, the bushes are subjected to preliminary machining,

hydraulic testing at 0.5 atm and final machining. lLeakages in the
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bush are not acceptable; individual defects (pinholes, cavities) arc
eliminated by electric welding or by inserting plugs. The external
surface is machined to the dimensions lifted by calipers from the stern
tube. In machining care must be taken to preserve concentricity of
the external and internal surfaces of the bush and perpendicularity
of its edges with the axis.

‘Taper and ellipticity of the external surface of the bush are to be

not more than 0.06 mm, relative eccentricity of the external and
internal surfaces—not more than 0.10 mm, doviation from perpondic-
ularity “of the flange faces with respect to the bush axis—not more
than"0.45 mm per métre, ecl Lo the bush —hob Inon
“The most suitable material for the staves which form the slern-
tube lining is lignum vitae, owing to its good anti-friction properties
and high wear resistance. Lignum vitae also” has a low wearing
action on the tailshaft sleeves; these favourable characteristics of
lignum vitae are connected with its intrinsic resinous and oily nature.
However, the scarcity and cost of lignum limit its application.
It is mainly used for large sea-going ships. When using lignum vitae
to reduce wear, the staves in the lower part of the stern tube should
be cut in such a way that the dircction of the grain in the wood is_
perpendicular to the shaft; on the other hand, the grain in the upper
‘staves should run parallel to the shaft. Prior to insertion in the bush,
the staves are soaked in water for two or three weeks. If this process
is not carried out, the tailshalt may become scized up in the stern
tube owing to the swelling of the staves and reduction of the stern-
tube bore.

Stern-tube bushes with the lignum vitae lining inserted are bored
out to the diameter of the tailshaft sleeve, with an allowance for
the necessary clearance. To prevent the lignum vitae from drying
out after machining, the stern-tube bush is filled with wet wood
shavings. Humidity of the shavings is maintained by periodic wet-
ting until the tailshaft is installed.

[Wood-plastics laminates] These are plywoods soaked in resins and
hot-pressed. They are prepared in sheets 15 to 50 mm thick, in thick-
ness gradations of 5 mm. In their free condition, wood-plastics lami-
nates swell after absorbing water. As a result the thickness of the
sheet may increase byas much as 20% of the original dimension, the
width by 2-3% and the length (as measured along the grain) by 0.08%.

Preparation and fitting of the staves of wood-plastics laminates
comprise the following operations: cutting the sheet into staves,
drying and machining of the side edges, turning and evening out of
the butts, assembly of the lining and boring out to size.

If the staves are fitted in a cast iron or steel bush, the internal
surface is painted with red lead. The edges of the staves are [itted
accurately together before insertion.
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_Wood-plastics laminates have the best wear resistance along the
grain, and there is practically no swelling in this direction. Thereforo
the upper and lower staves are cut with the grain at_right angles
towards the shaft. To prevent buckling of the newly cut staves, they
are carefully protected from moisture before they are used. The staves
should not be kept longer than two or three days, and they are assem-
bled in a dry condition. The edges should fit together so that a feeler
gauge 0.1 mm thick cannot be inscrted between the staves. 'The
negcssity for such tight fit is explained by the fact that the material,
pelng in the compressed condition, will not swell, and will preserve
its form and properties. The staves are up to 600 mm long, and
their butts are positioned in a staggered pattern. Longer staves are
not used to avoid flexure and buckling. -~

In contrast to the practice used with lignum vitae, staves made of
wood-plastics laminates are assembled without slots at the edges.
To ensure normal lubrication conditions in liners of these materials,:
coolers are used instead of slots in stave edges. The working surface
of the liner should be in contact with the tailshaft over an arc of
100-110°,

The tightness of fit of the staves in the bush is tested by light ham-
mer blows. The deficiency in complete adhesion between the staves
and the bush should not exceed about 20% of the bush surface.

The possibility of elongation of the staves as a result of water
absorption is allowed for by providing a clearance amounting to 2%
of the length of the stern-tube bush; this clearance should, in any case;
not be less than 10 mm. If the elongation of the staves is not pro-
vided for, the lining may be deformed. Thus some staves may be
buckled into “bridges” which will rub against the tailshaft.

In cases where there is no bush, and the staves are inserted directly
@nto.the stern tube, the boring out of the assembled lining is done
in situ, using a portable boring device. '

_To_achieye, alignment, of the tailshalt axis with the whole shaft-
line, the stern-tube bushes are bored out eccentrically (the centre of

the bore should be higher than the shafting axis by half the clearance

in thebearing). This is because there is a clearance between the bear-
ing surface of the_bush and the tailshalt. With a concentric bore the
tailshaft axis would be lower, by half a clearance, than the axis of
the transmission shafting, which cannot be tolerated since the clear-.

ance_is appreciable.
[Z‘gq;_t_q}ip@i_s a laminated plastic material, obtained by compressiﬁg_‘_
canvas soaked in resins. T T T
Bearings with textolite lining are used in sea-going ships, and
service experience shows that they are satisfactory. However, if
sand enters the bearings, textolite liners suffer from intensive wear._
From the wear aspect, the material.of the shaft sleeve is also impor-
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tant. Experience conlirms that bronzes Lp. OL110-2 and AMn9-2work
well with textolite. '

For bearing liners, textolite mark 2 and mark 25 is used. Mark
2B has very good anti-friction and physical and mechanical proper-
ties. Textolite is manufactured in plates 20 to 70 mm thick, with
5 mm gradations. Textolite swells less than wood-plastics lami-
nates, because it contains a higher proportion of resins (from 40 to 55"
by weight).

_The design of textolite bearing linings is similar to that of lignum
vitae linings. During assembly the staves are so arranged that the’
cloth fibres are perpendicular to the shalt surface, since maximum
swelling occurs across the fibres and this can lead to reduction of the
necessary clearance between the lining and the shaft if the fibves
are parallel to the shaft. The method of preparation, machining,
and assembly of textolite staves is similar to that used for kuminated
wood staves.

[f2ublerjis an elfective substitute for lignum vitac; bearings with
rubber Tining have a longer life in conditions of abrasive wear, and
are simpler in construction and cheaper. Practice has demonstrated
the good wear resistance of rubber bearings in water, and their abili-
ty to damp out transverse vibrations of the tailshaft. Such bearings
are lubricated with running sea water.

Stern-tube bearings are lined with staves consisting of metal rein-
forcement embedded in special rubber. The staves are made in special
press forms. An advantage of metal-reinforced rubber bearing staves
is that they do not swell. Howeyer, since_rubber contains sulphur,
metals in contact _with rubber_corrode.

If the contact of rubber with a bronze tailshaft sleeve is prolonged,
dark bauds appear on the sleeve, but the surface remains smooth.

Temperature has a fundamental influence on the mechanical
properties of rubber. Thus at —40°C it becomes hrittle, and at --20°C
and over rubber undergoes a rapid ageing process.

Rubber and bronze Bp.OL[10-2, when lubricated with water, work
well together. The wear of the tailshalt sleeve in these conditions
is similar to the wear obtained with lignum vitae linings.

Abrasive particles which reach the rubber surfaces do no serious
harm, owing to the elasticity of the rubber. The surfaces of the tail-
shaflt sleeves suffer less damage from such particles than in the case
ol lignum vitae or wood-plastics laminates. '

In contrast to lignum vitae or wood-plastics laminates, rubber-
Iined bearings are not bored out.

[When stern-tube bushes_are_lined with whitemetal] alloys
b-83, B-16 and BH are used for this purpose. )
Alloy B-83 has very good anti-friction properlies when working

with steel or bronze, but is the most expensive of the standard
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anli-friction 51110ys. Therefore the most commonly used are alloys
ol lowpr quality, namely, types B-16 and GH. Alloy B-16 works satis-
Ia(:dtomly Lll)lllflel' stﬁdy vl](g)ad; impact loads, however, cause cracking
and crumbling. oy BH works satislactorily both und '
and under impact loads. Y o steady

.Stcrn-tl.lbe bearings lined with whitemetal are oil-lubricated
using a circulaling system. '

Che diametral fitting clearances in stern-tube bushes and bossings
of tailshalis can be caleulaled ffoni the following oxpressionss o

" (1)_for_bushes lined with lignum vilae

d,~=0.004d 4-1 mm
where d; == lore of the stern-tube bush, mm
o .d = exlernal diameter of the shaft, mm.
Fhe fitting clearances lor bushes lined with wood-plastics laminates
are the same as for bushes lined with lignum vitae; '
(2) for bushes lined with whitemetal ’

‘ d; = 0.001d + 0.5 mm

(3) for bushes lined with rubber staves: from 1.0-1.25
P D N e R St ey : e In]llt .( -
25 min for shafts of 100110 500 mm diameter, o
o lfl’a..‘ll..E’ff.v:9.’5‘?11’?.“%»’.‘.1{93’_“,:?71‘.’:";] [When™ the clearances between the

orking surfaces of stern-tube bushes and tajlshafis i
the bushes must be repaired. S oo excessive,

The maximum permissible clearances in ‘

Ahe maximum permissible clearances in stern-tube b i
shaft_bossings_are as follows: e samsinne bushes and in
(1) for bushes lined with whitemetal, li i i

NraegEln s o nEs, WILL whiltemetal, lignum vitae, or textolite;
from 3.00 t0 5.00 mm for shafts of 100 to 500 mm diameter;

(2) for bushes lined with rubber: the clearances in the fore and
aft bushes should be from 2.8 1o 6.0'mm, and in the case of bushes
in shalt hossings, from 4.00 to 8.5 mm. The range of shaft diamotors
‘S,IL‘EQ..,_S?‘_'PQ as in case (1) above. = 0 TTTTT T oo

~The maximum permissible wear of the tailshaft sleeve j 0
of the design {hickness, == T T s s ° . 20%

In the case of bushes lined with lignum vitae or wood-plastics
laminates, the fqll.owing repairs may be performed: boring out
the bush and providing new tailshaft sleeves; inserling packing strips
(of brass or copper) under the slaves of the lining, followed by boring
oul the bl‘lsh; replacing part of the lining in the lower half of the bush
or replacing th whole lining, with subsequent boring out. In thé
case of bushes lined with whitemetal, the lining may be recast.

The bushes are hored out in the cases mentlioned above, and also
wl;gn new i)ushes are fitted Lo replace the old ones.

During ship repairs the necessity may arise for shiftin th i

' / p rej \ 4 e axis
ol the tailshalt with respect to the stern Lube, owing Lo losi of align-
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Fig. 263. Arrangement for boring out stern tubes and bushes:
a—general view; b—diagram of installation
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ment between the axis of the main engine and the stern tubes, which
cannot be rectified by shifting the main engine. Insuch cases, with
the agreement of the Soviet Register, the bushes, shaft bossings, and
stern tubes can be bored out eccentrically., EQccntrlc boring of bushes
with subsequent renewal of tailshaft sleeves, is permitled if the thick-

ness of the lining in the lower poriion of the bush remains not_less

than 75% of the original thickness, When the bushes are bored out,
the necessary clearances helween the Tining and the shalt sleeves must
be maintained. This can be done in situ with the aid of a special
device (Fig. 263), or in the shop.

Bushes lined with whitemetal are repaired by recasting the whole
lining, when the beaving clearauces are excessive, or by local build-
ing-up of whitemetal.

Recasting of stern-tube bushes is analogous to recasting of bearings,
but is more difficull owing to the greater dimensions of the bushes.
Centrifugal casting is effective in these instances (see Fig. 37).

Sectzon 166 RDPAIR oF TEEL STER‘\T

'TUBES

In. Lhe,.upresencc uof cracking a,nd,,n.corro.s\i‘on__,,i,x_l...’§,te,m;t;u.bes, the
repairs are executed by welding and building-up. Restoration of the
tubes by welding is permissible in the case of local corrosion (depth
of pits up, 10 '50% of the wall thickness, length and width not greater
than 10% of the tube diameter). If the dcpth of the pit_is up Lo 50%.
of the tube thickness and its liner dimensions are greater than 10%
of the diameter but less'than 10% of the circumference of the tube,
it is recommended to insert a welded patch or a welded doubling
plate, if this can be done without interference with the “fitting of the
tube in the hull. These types of repair can be executed if the depth
of corrosion in the remaining part’is 1ot greatei than™15% of the tubs
thickness.,

Owing to the inevitable heating effect, the use of welding for stern-
tube repairs in situ is rather r«,erche,d becausc watertlghtnuss bc—
tween the tube and the hull may be 1mpa1red

When 'a stern tube has been taken out and repaired on shore, it
should be subjected to hydraulic testing at a pressure of 2 atm. After
refitting the tube in the hull, the watertightness of the connection
between the tube and the hull should be tested.

Various devices arc used by the Merchant Marine for reboring stern
tubes and bushes in situ. Such devices are often designed for a par-
ticular ship type, but sometimes universal devices may be used.

Fig. 263 shows a reboring device used in the Riga ship repair yard.
As can be seen from Fig. 263b, the device consists of a boring bar 7,
cutter holders 6, two cross beams & with bearings for the boring bar,
connecting spindle 4 joined to the driving shaft 3 and the boring
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bar by universal couplings, reduction gear /, and motor 2 driving
the reduction gear by means of a V-bhelt.

Fig. 264 is a diagrammatic representation of the kinemalics of this
arrangement. Here the electric motor drives the pulley / secured on

ki Electric motor

Cutting tool

holders
L
T\ T
z=63 _J 2=627| | Universal Boring
B | Joints bar
L 7l wl b "
) Vi
Ll g e

Fig. 264. Kinematic diagram of installation for boring out stern tubes
comprising electric drive

the worm spindle 2. Therating of the motor is 1.5 kW at 1,440 rpm.
The worm gear 3 transmils ils rotary molion to the spindle /2
through two sliding keys. Gear 4, rotaling at Lthe same speed as gear
4, meshes with gear 5 riding on spindle 13 and sliding key 10. Gears
4 and 5 have the same number of teeth and the same modulus. Gears
7 and 9, secured to spindle by a sliding key 17 mesh with gears
and 8. The position of the sliding key 7/ determines which of the two
pairs of gears will be set in motion, and consequently alters the drive
transmitled Lo the spindle. Gears ¢ and 8 arve rigidly coupled; their
common hub has a rectangular thread, corresponding to the thread
on spindle 72. Wilh respect to the spindle, gears 6 and 8 acl as nults,
ensuring progressive motion of the boring bar. Owing to the differ-
ence of the angular velocities of the spindle and these two gears

(which is obtained by a suitable choice of the number of teeth) the’

necessary lravel speed of the boring bar is ensured. Depending on
whether gear 6 or gear 8 is connected Lo Lhe drive, the selection of
two travel speeds is possible. This allows Lhe culling conditions to
be altered.

The electric motor is fitted with a reversing switch. T'o allow quick
positioning of the boring bar in ils initial setting, a manual traverse
is provided.
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- Whether the boring device is designed for stern tubes, shaft
brackets, bossings, or bushes, the alignment of the boring bar.is
of prime importance. Therelore suitable bearings for the boring bar
must be provided. The alignment is checked wilh a scribing block,
taking asreference a circle drawn on the edge of the stern tube, boss-
ing, or bush that is being rebored; Lhe centre of this circle is found
by optical methods. Then the boring bar is shifted upwards through
i distance equal Lo half the bearing clearance that is requived.

During alignment, the boring bar, supported in its bearings, is
moved Lo a’position in which all the points on its circumference are
cquidistant from the reference circle (the permissible error is 0.2 mm).
The rotation axis of the boring bar will thus pass through the centre
of the reference circle and will also be in alignment with the axis of
the shafting. In this posilion of the boring bar ils bearings are secured
and the driving mechanism is aligned and connected to it.

As a first step, rough boring is carried out, with an allowance
of about 3 mm on the diameter. This is followed by another careful
check on the alignment, using the reference circle as guide. Then
the precision boring operatious are performed. The depth of cut in
the precision boring passes (usually two) is adjusted not to exceed
0.3-0.5 mm. After each pass the alignment is checked. When the
internal diameter has been rebored, the edges and the facings for
any welded attachments are machined, using the same boring rig,
with the addition ol special arrangements ensuring radial travel of
the cutter. '

When machining edges, the error in the length dimension should
not be greater than 42 mmn. _

When execuling the rough boring passes, two cutters are used to
speed up the work and also to improve the qualily of the cut, since
with two cutters, disposed at 180°, the vibration of the boring bar
is reduced.

After reboring the stern tubes, shalt brackets, or bossings, the
accuracy of the bores in Lhe regions of the bearings is checked by
laking diameter readings with inlernal micromelric gauges; two
diameters, atl right angles to each other, are measured. If the elliptic-
ity excceds 0.05 mm it is necessary to eliminate it by going over the
surface with a portable grinding machine. This is followed by further
check measurements.

Section 167 REPAIR OF BULKHEAD AND STERN-TUBE

STUFFING BOXES

- {2

When the stern-tube bearings are waler-lubricated (as with lignum
vilae or rubber bearings), the forward end of the stern tube is fitted
with a stuffing box having a soft packing, which prevents ingress
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of waler into the ship. When the bearing is lubricated wilh oil, there
is an additional after stuffing box within the hull; to repair this
stuffing box it is necessary, as a rule, to drydock the ship. However,
it may be possible, by suitably trimming the ship, to examine the
after stuffing box and carry out minor repairs.

If the after stuffing box is not fully effective, oil leaks out and the
bearing may be seriously damaged.

The main forms of wear and damage which may be found in stern-
tube stulling boxes are wear ol Lhe rubbing surfaces (scaling rings
in the after box, pressure glands, and stuiling surfaces in the forward
gland), dents and scores in the surfaces of the various parts, loss of
elasticity ol the springs, and buckling of the gland flanges.

Bulkhead stuffing bozes. If the wear of the stulfling surfaces and
pressure g , glands excceds permissible values, Lhese parts are replaced.
I{Lbormg of worn surfaces of stuffing and of pressure glands can be
done if the resulting clearance docs not exceed per missiblc values.

With shalt diameters 120 to 500 mm, the fitting clearances between
the _pressure gland and the shaft are from 1.5-2. (_) mm to 3.0-4.0 min;
the maximum permissible clearances are hom 2.5 to 5.0 mm for
shafts of "these_diameters.

In the manufacture of the pressure glands, the lack of pelpendlcu—
larity of the flange surfaces should be not greater than 0.5 mm per
metre; the difference in wall thickness not greater than 0.1 mm;
cllipticity of the bore not greater than 0.10 mmn; and Laper nol greater
than 0.10 mm over the length of the gland.

{(Stern-t tube ‘stuffing bozes (fore and after)i When the pressure gland
is worn, and also when cracks are present, the gland is replaced. It
is also pOSSlble to repair the gland by building-up, with subsequent
machining.

If appreciable scoring of the surfaces is found, the parts should
be replaced. Buckled flanges of pressuve glands have to bo straight-
ened; individual dents in the flanges are smoothed off by filing.

Small scores and other slight surface defects are climinated by
turning down the affected parts.

When preparing pressure glands and other parts of the stulfing
box assembly, the following machinery errors can be accepted:
difference in wall thickness—not to exceed 0.05 mm per 100 mm of
the external diameter; ellipticity of the external and internal sur-
faces—less than 0.02 mm per 100 mm of diammeter; lack of perpendicu-
larity of the flange to the axis of the bore—Iess than 0.1 mm per metre.

Worn parts of the after stufling box, and springs that have lost
their elasticity are replaced. Parts lined with whitemetal are relined.
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The fitting of the propeller boss to the tailshaft taper is done with
the aid of model tapers or, directly, using the tailshaft itself. For
this purpose the propeller is mounted on wooden planks in the hori-
zontal position.

After checking and, if necessary, correcting the keyway, the fit
of the key is checked. Then the tapered bore of the boss is fitted to
the tailshaft taper (or model taper), using the paint spot method.
until a uniform spot distribution is obtained, with two or three
spots per 25 X 25 mm.

Thereafter the tailshaft taper, with the key, is inserted into the
propeller boss, the propeller nut is tightened, and the position of
the propeller is checked.

In ship repairing, fitting the propeller on the tailshaft is usually
done without checking the diametral stretch, the pull-up stress,
or the stress on the mating surfaces.

This makes it impossible to check if the fitting requirements have
been satisfied, and leads to excessive fitling labour.
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By accurate machining of the tapered mating surfaces instead of
manual metalworking, and by using mechanical devices to achieve
a predetermined pull-up force, the propeller fitting operations could
be shortened and made less laborious, while ensuring satisfactory
mating of the parts.

From his analysis of the interaction of the propeller and tailshaft,
university reader A. Staroselsky recommends that the initial pull-up
force should bo such as to ensure solidily of the boss and tailshalt,
taking account of the strength of the boss and of the tailshaft thread.
On this basis he has derived the inequality

1.5P << Q4 << 0.45l; dypno

where Q, = initial pull-up force
P = propeller thrust when steaming ahead
l; = length of tailshaft taper without counting the recess
o = allowable tensile stress in the hoss
dnn = mean diameter of the taper (external) over length I,.

The lower limit may prove to be insufficient with low propeller
thrust.

For checking the pull-up force it is recommended to use a manome-
ter attached to a hydraulic jack, or to measure the travel of the boss
up the tailshaft taper, or to employ some suitable type of sirain
gaugo.

When using the propeller fitting criterion oullined above, the tail-
shaft is held vertically, and the propeller is lowered on to it until
the boss sits on the tailshaft taper. A mark is made on the tailshaft
to indicate the position of the boss. Later, during the actual fitting
of the propeller to its tailshaft, when the latter is already installed
in the ship, the propeller nut is tightened until the edge of the boss
coincides with the mark made on the tailshaft in the preliminary
fit-up stage. The pull-up force will then be equal to the weight of
the propeller.
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[Section 173 BALANCING OF PROPELLERS |

During manufacture, and also after repairs, propellers must under-
go a balancing procedure to avoid vibration in service. Balancing
consisls in bringing the contre ol gravily of Lhe propeller, and the
principal axis ol inertia, into coincidence will axis of rotation. Lack
of such coincidence signifies deficiencies in machining, noun-uniform-
ity of material, and other possible shortcomings.

Propeller unbalance causes an inertia force or couple to appear.
which produces vibration in service. A centrifugal force appears if
the axis of inertia is parallel to the axis of rotation but the propeller
centre of gravity does not lie on the axis of rotation. The centrifugal
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force is calculated from the expression

=2 ot
4
where @ = weight of propeller, kg
g = gravitational acceleration, cm/sec?
r = eccenltricity, cm
o = angular velocily, rad/sce.
If the axis of inerlia inlersects Lhe axis of rotation at the middle

(. 1]
|

Fig. 272. Static balancing of propeller

centres of gravity of both halves of the propeller lie on opposite
sides of the axis of rotation and at equal distances from it. The mo-
ment created by the couple will be
2
M=Cl=%2¢
where C; = force created in each half of the propeller, kg
l = distance between the centres of gravity of each half
of the propeller, cm.

Balancing of propellers may be static or dynamic. Static balanc-

ing eliminates the centrifugal unbalanced force.

Dynamic balancing aims at eliminating the unbalanced couple
as well as the unbalanced centrifugal force.
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The choice of balancing procedure depends on the ralio of the
maximum blade width Z 1o the blade diameter D, and also on the
peripheral speed.
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Static balancing is recommended when:

(a) the peripheral velocity is less than 6 m/sec, irrespective of

(b) L/D is less than 3, and peripheral velocity less than 15 mn/sec.

Dynamic_balancing is recommended when L/D is greater Lhan
37and the peripheral veolocity is grealer than 15 m/sec.

_Static balancing is done in a balancing stand (Fig. 272), in which
the propeller 5 is mounted on a spindle 2 and secured with cones 3
and 4. Balancing, which in this case means achieving a condition
in which the centres of gravity lie on the axis of rotation, is done by
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removing some material (Fig. 273) from the heaviest part of the blade.
When balancing propellers it may sometimes be expedient not to
remove metal, but add metal by building-up. This method is used
when the effect of adding metal to one blade is equivalent to
removing metal from several blades. To find the blade from which
metal has to be removed, the spindle together with the propeller is
rotated on knife edges I; rotation is continued until the centre of
gravity las roached the lTowest position.

J 2 )

|
7

. S

Fig. 274. Diagram of static balancing stand incorporating ball support

More accurate results are obtained in special static balancing rigs.

Such a rig is shown in Fig. 274. Here balancing is done on a hard-
ened ball 2, on which the propeller I is mounted with the aid of a man-
drel 3. The ball rests on a vertical spindle 4 with a socket to accommo-
date the ball. When the handle 5 is turned, the thrust screw 6 pushes
the lever 7, the spindle 4 raises the propeller above the bed of the
rig 8. The propeller will Lilt towards the heaviest blade.

Balancing of the propeller is done by adding or removing material.

This method of balancing, in addition to being several times more
accurate than the knife-cdge method, is quicker and requires less
space. The last-named advantage is particularly useful in the case
of large or medium-size propellers.

Dynamic balancing. Dynamic balancing rigs are relatively compli-
cated and expensive. Propellers are subjected to dynamic balancing
relatively seldom; such balancing may, however, be needed with
high-speed propellers.
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Section 174 PARTICULARS OF ASSEMBLY OPERATIONS

AFTER SHAFT REPAIRS

Shaft assembly conditions in ships under repair differ from those
in ships under construction. The main difference is that the installa-
tion of repaired shafting has to be adapted to the existing relative
position of the main engine and the stern tube, which are often out
of alignment. _

If misalignment exceeds permissible limits and consequently the
shiafting cannot be installed with the necessary degree of alignment
(see Table 20), then the stern tube has to be bored out eccentrically,
which is undesirable, or the main engine has to be shifted. Such
operations are laborious and expensive. v

. AS has already been mentioned, alignment of tailshaft and engine
shaft and the possibility of installing the shafting withoul shifling
‘the stern tube or the engine are investigated before repairs are start-
ed, as soon as the ship is docked. Until 1956, only one method, based
on shaftline breakage and flange displacement measurements, was
used; the misalignment indicated by these measurements had to
satisfy the Soviet Register standards in force at that time.

In 1956 a new standard was introduced in the Soviet Union,
namely, Standard C1-1775-56: Shafting of Surface Ships. Align-
ment. Specifications, which specified the methods and requirements
for shaft installation and alignment checks. The alignment methods
summarized in Table 23 are based on this new standard.

The shaft alignment and installalion methods most commonly
used in ship repairing are the following:

(1) _alignment based on measurements of breakage and shaft
displacement, and T '

(2)_alignment based on_actual bearing loads.

' Table 23 (based on Standard C1-1775-56 MCII)

Characteristics
of shafting

Methods of alignment

principal (used in
batcH production)

auxiliary (used
in ¢‘one-off'’
preduction)

simplified (used as.:
exception when
otlicr methods are
not possible)

Long shafting
(L > 30d), irro-
spective of
bearing design,
but number of

bearings at
least two over
length L

Short  shafting
(L <22Vd), ir-
respective of
bearing design

Shafting on roller
bearings, irre-
spectiveof shaft-
ing length,
with d<0.2 m

Alignment with
chocks on actu-
al bearing
loads, using
dynamometers

Measuring break-
age and flange
displacement,
determined by
calculation for
given design,
taking account
of permissible
bearing loads

Ship afloat. Break-
age and flange}
displacement
should be within
the following}
limits: for inter-
mediate shaft-
ing displ.
-4-0.45 mm,
breakage
-+ 0.2 mm/m; for
coupling bet ween
intermediate
shaft and engine
shaft displ.
+40.1 mm, break-
age 4-0.15 mm/m

‘Alignment” with
adjustment of
hearings to as-
sembled shaft-

ing _.

As above

“Optical  align-
ment of bear-
ings after in-
stallation of
shafting

Measuring break-
age and flange
displacement,
after establish-
ing misalign-
ment limits
from calcula-
tions based on
permissible
stresses in
shafts

AS ;bove )

}==Z==- aligning operations and the calculation schemes are given in Stand-

Notes. d is the diameter of intermediate shafts, metres. The sequence of

ard C1-1775-56.
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Section 175 STANDARD FITTING TOLERANCES FOR THE

ALIGNMENT OF SHAFTING BASLED ON BE G
P ARING

Addm_oual bparing loads and stresses in shafts are used as criteria
for shafting alignment.
The speciflic design loads on jour i
C 1 journal bearings us )
oxoend 155 atm Liese. fous J' a .h'enlng% usually do not
d 1.0-2 alm (these figures are significantly lower han the
pempssﬂﬂe loads that can be borne by whitemetal); for engine
bearings the permissible loads arc from 10 to 30 atm and higher.

Thus there is a large margi in i . ,
_ gin of safety in journal bearing lo:
a shaftline. g loads of

Llnt
8 —J\ R i La— F——’?[J—:il-‘—l\—%w

Journal Journal Journal Thrust
bearing Mol bearingNo.2  bearingNod bearing

n

Fig. 275. Diagram of shaftline

In checking the accuracy of alignment of the shaftline on the basis

of additional bearing loads, the following loads are permissible.

For the bearings of intermediate shalts the permissible additional

_loads resulting from misalignment are determined in relation to the
mean design load P determined from the formula

0
\(P:Tkg\

where Q = wgight of the intermediate shafts together with cou-
plings, over a length L;,, (Fig. 275), kg
n = number of bearings contained in lenglh L;,;.
The additional loads in the vertical plane, for bearings of any de-

iign, and in the horizontal plane for rolling friction bearings should
8

» |R|=0.5P
For sliding friction bearings the additional loads in the horizontal
plane should be
| Ry <0.25P

The magnitudes of the additional loads on the tailshalt bearings
are tgkgn as equal in the vertical and horizontal plaunes, and the
permissible value is assumed Lo be twice that for intermediate shaft
bearings. Thus the permissible additional loads on the stern-tube

‘bushes should satisfy the inequality
IR | <P

must be taken into account. As is known, these extra web displace-
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Such increase in the permissible load on the tailshaft bearings is
explained by the fact that their design envisages large loads being
imposed on the bearings in service.

The permissible bending stresses in the shalls resulting from misa-
lignment of the intermediate shafting and the ‘tailshaft "~ 'should
correspond to the inequality

0, <300 atm

If the intermediate shafting is bent, the tightening of the [langes
of the foremost shaft and of the engine shaft contiguous to it, or of
the shalt of the reduction gearing, produces additional loads R,
on the altermost bearing of the engine or reduction gearing, and also
causes additional stresses in the shafts. The additional stresses in
the shalls are, however, small and need not be considered.

The additional load R, on the aflermost bearing of the clectric
propulsion motor, reduction gearing, or reciprocating engine should
not exceed, in the vertical plane, 3 atm on the projected area of
the bearing shell, i.e., o e e

| R, | <L 3F kg

where 7 is the projected area of the aftermost bearing shell of the
clectric motor, reduclion gearing, or reciprocaling
engine, cm®

Such a load increase is wholly admissible, since it represents only
10-15% of the design load.

The tightening effect in a misaligned coupling between the inter-
mediate shaft and the crankshaft of the main engine produces, apart
from the additional load on the aftermost crankshaft bearing, further
stresses in the crankshaft. Therefore the possibility of crankshaft
deformations, which would appear as increased web displacements;,
ments are limited by crankshaft rigidity standards. After coupling
the crankshalt with the intermediate shafting, it is therefore neces-
sary Lo check the web displacement in the first crank.

It follows from the above considerations that the additional
loads on the last crankshaft bearing should not cause appreciable
bending of the crankshaft; bending will be prevented if the following

inequality is observed

5(at+byd3
ab l\g

| Ry 1<

where d is the diameter of the crankshaft journal, cm
a and b are as shown in Fig. 276, cm.
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_\_For“rgcip}'ocqting engines the perinissible bending stresses in the
crankshaft journal at the last bearing, resulting from misalignment,
are

0, <50 alm
The fitting standards, set out above, for the permissible bearing
loads and for shaft stresses define the permissible curvature of the
shaftline when the ship is afloat. The standards do not depend on
the displacemont of the ship, but they apply after all the principal
machinery, boilers, and propellers have been installed in Lhe ship.
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Fig. 276. Diagram showing position of aftermost journal bearing of main engine

- a

) If the above tolerances for the additional bearing loads and addi-
tlonz}l bending stresses in the shafts are reduced by half, the accuracy
of'vahgnmen_t_ca‘n be checked and declared ready for service in drydock
without the nced for further checks when the ship is afloat. ,

Shafting alignment_can be accepted in drydock provided keel
blocks_are readjusted to eliminate hull deformation.

The alignment check made on a ship in a floating dock cannot be

regarded as final,_
) In some cases of ship repair it may be more convenient when
installing and aligning a shaftline to use values of flange displace-
ment and shaft breakage instead of measuring bearing loads and’
shaft stresses. This depends on repair conditions and yard facilities.
When repairing batch-produced ships the expenses associated with
the necessary equipment are quickly compensated. In the case of
pon-.standard ships the cost of specialized equipment may not be
justified, and so the shaftlines are aligned according to measurements
of flange displacement and shaft breakage.

The permissible values of flange displacement and shaft breakage
are found on the basis of the permissible additional bearing loads
:}ndfts_th stresses, taking account of the flexibility coefficient of the’
shafting.” ™ .
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This coefficient is found from the formula
h=3T oy
where [l = 11%‘1‘: mean distance (see Fig. 277) between the bearings

of three adjacent spans of intermediate shafting,
the total length of these spans being the least
out, of the various three-span portions of the
intermediate shafting lying between tho forward
stern-tube bearing and the after bearing of the
engine or reduction gear (I is measured in centi-

metres) )
d and d, = external and internal diameters of the interme-

diate shafts, cm.

The formula for the flexibility coefficient has been derived for
hollow shafts. For solid shafts the sum of the squares in ,the'denomi:
nator is replaced by the square of the.diameter of the solid shaft,

Linim

L 1
! 1
S r—r A A —l—= 4.1—-—,J+‘,:—-n-,-u—r

L —

Fig. 277. Three adjacont spans whose lolal length is a minimum for given
shaftline

For each intermediate shaft installed on two bearings, and also
for a_ pair of coupled shafts lying on two bearings, the permissible
magnitudes of flange displacement” and shaft breakage are found
from the inequality .

2,000 2
|@1‘+T‘61|<'§k

‘When installing each shaft on one bearing, and using temporary
auxiliary bearings for alignment, the following inequality applies

B Tt
eel Ty | %l
where ¢4, ¢, and 8y, 8, are, respectively, the values of shaft breakage
(in mm/m) and of flange displacement (in mm) measured with
uncoupled flanges.

'If the calculated values of shaft breakage and flange displacement
turn out to be large, it is recommended to limit the actual values
to 4 mm/m for breakage, and 1 mm for displacement, taking account
of the sag of the shafts under their own weight. In this way excessive
tightening of the flanges during assembly will be avoided.
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The sag of the shafts may be found with sufficient accuracy on
a calibrating slab or in a lathe. However, this method is not recom-
mended owing to its complexity and the necessity of taking meas-
urements [or each new shaft. It is simpler to determine the sag by cal-
culation. The accuracy is somewhat less than in direct measurements,
‘butstill sufficient for the case in hand. The calculations are carried
out in the same manner as for shafts resting on two supports.

The sag of the tailshaft is calculated as for a cantilever whose
length is taken from the forward edge of the nearest stern-tubo
bush to_the forward butt of the tailshaft.
~In the calculations account is taken of the flexure caused by the
distributed weight of the shaft and the concentrated weight  of
flanges, couplings, etc.

Section 176 PROJECTING A LIGHT BEAM TO FIND THE AXIS
OF TIIE SHAFTLINE

The method of light beam projection is used to find the theoretical
axis of the shaftline. The theoretical axis found in this way ismarked
on certain internal parts of the hull and the markings are used as
a guide for correct assembly of the shaftline.

To avoid errors, the light beam is projected when a definite stage

in the construction or repair of the ship has been reached. Thus the

following operations will have been completed before the projection
is made:

(1) in the region of the shafting, up to and including the upper deck,
all the welding and assembly work on the hull has been completed;

(2) tightness tests on all compartments and tanks in the region of
the shafting and in the stern part of the ship have been performed;

(3) shaft bossings have been fitted and secured.

In ship repair work, the necessity of projecting the optical shaft
axis may arise as a consequence of major replacements of the hull
frame structure ‘and shell plating which may have brought about
a change in the position of the main engine and the shalt bearings;
accidental deformations of the hull may also necessitate the projec-
tion of the optical axis of the shaftline. In other words, in repairing
the ship the light beam method has to be used when the theoretical
axis of the shaftline has to be re-established after the loss of the basic
reference points with which it was originally defined.

In general, these basic reference points are determined from draw-
ings and are fixed by target plates mounted behind the stern and
at_the engine-room bulkhead “(Fig. 278). In the bossing, stern tube,
or transverse bulklieads through which the shaftline passes, wooden
blanking plates are inserted normal to the shaftline, they have open-
ings of 50-70 mm diameter; the targets are secured to these blank-
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ing plates. Targets with
often used, because they ¢

sively from the stern forwar v per ]
mediité"fargets 2,3,4,5, and 6 are aligned to coincide wi

beam, using the extreme targgts“a‘s_tx"e'fe_rellges.

adjustable panels and sector plates ,ar'e;’
an Jbe casily adjusted to the light beam.
ning of target I, and prf)cee,_d_mgl ‘sgc'cigg;

ice versa, the openings in the 1nter-
M e ’ th the light

Looking through the ope

i
i
§
|
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!

Light source

Fig. 278. Projecting a light beam to determine axis of shafting:

ars
a—plain target; b—1target with articulated sectors; c—target with movable cross bars

When an uninterrupted optical line through all the targfets Sha(lé
boen established, control circles are drawn Onbarlll?luéifi ssu’i.‘oa(\;r% e

“stern tube or bossing and on thg transverse bulkl . To
:lliee"zt:iuracy of the operation, the light beam is projected again after

control circles have been drawn. . ) )
th%vith single-shaft i'nstal’lati'ons""tfhe"?x"lf“ﬁf' “’t'he{i?%e’rsji]ﬁtf%ibfglsﬁ%ﬁr
| line_for .installing the shafting, when
ally regarded as the control line for -inst g afting, when
ships are bei ai ltishaft installations, the axis of the
ships are being rep_qlred.wl_n.xggﬂ shaft installations, Lo oy ande.
"bossing serves as a control line. This is because 1t 15 generally unce-,
gi?fisli?eg “to carry out eccentric boring of tlflel;steﬁg_f@yb<ewgz,bo§,§;_r_lgw
to adjust the position of the shaftline. . N
O'I:(’iI‘eli‘uél the Jt“:irgets for directing the light beam are lnstal{ed urlni:xhz |
stern tube or in the bossings in such a way that their central opening
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coincide with the geometrical axis of the stern tube or hossings.
Having projected the light beam through the targets, a check is made
to sec whether the beam is in line with the axis of the main engine.

If there is no alignment, it is necessary to shift the main engine.
When shifting the main engine is undesirable, it is necessary (if
possible) to change the base for the alignment operation, by adopting
one control circle on the bossing, drawn during the construction of
the ship, and another control ¢ircle on the forward engine-room hulk-
head. 1f such control circles have not been drawn, the centre of the
foremost crankshaft bearing (or the foremost bearing of the reduction

A Axial line ) L
\JL Ve %)
X 1
A2
X3

Fig. 279. Sag of string

gear shaft) can be taken as one reference point, the other reference
point being the after end of the stern tube. Alignment targets are
mounted accordingly. The openings in the largets are made Lo coin-
cide with the geometrical centres of the base surfaces. These openings
thus define the end points of the light beam. Intermediate targets are
secured to the after crankshaft bearing, to the bearings of the inter-
mediate shafting, and to the transverse bulkheads traversed by the
shafting.

The light source is placed at the forward crankshaft bearing. After
all the intermediate targets have been aligned, control circles are
drawn and punched out on the annular surfaces of the bearings.

1f the shaftline is not more than 5 m long, the light beam can be
replaced by a stretched string of 0.5-0.75 mm diameter. The centres
of the after and forward ends of the stern tube are usually taken as
anchor points for the string. When a string is used in this way, it
is necessary to take into account the sag of the string under its own
weight, which can be calculated from the formula

_ px(L—x)
Y="737

where y = sag at the point under investigation, mm (Fig. 279)
p = weight of string per metre length, kg
z = distance from the point under consideration to the
end point, m
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7 = load, kg
L = length of string, m.
The sag of the string at the midpoint is

__ b
V=

where [ = z is the half-span (£, = 2l).

Section 177 PROJECTING THE AXI1S OF THE SHAIPLINE WITH
THE AID OF OPTICAL INSTRUMENTS

The use of special optical instruments for projecting the shaftline
axis is nowadays widespread as a result of the present tendency
towards improved methods in shipbuilding and ship repairing.

The instruments that have found the widest application in optical
alignment are those originally developed for geodesic surveys (opti-
cal levels, theodolites) which are specially adapted for mounting
at the ends of shaftlines.

For sighting up to distances of 25 m, a telescope type BT is used,
which is a modified telescope taken from the theodolite type TT-50.
For sighting over greater distances (up to 100 m) a telescope from the
precision optical level type HA-17 is recommended.

In telescopic alignment the target is directly observed through
the cyepiece, or the lelescope grid is projected on to the target. In
the latter case a special projecting attachment is used.

The projection of the optical axis of the shaftline, or the alignment
of the individual parts with the aid of optical instruments is carried
out as follows.

_The telescope is mounted on the shaft flange using a special holder
(Fig. 280). This consists of a flanged disk 7 with a welded-on bracket
2 and two supports 3 for the telescope. The telescope is'secured in
the supports by collars 4. For rotating the shaft during alignment
of the telescope a disk 7 is used, secured to the flange of the holder
by studs 8. Adjusting screws § permit angular adjustment of the
holder in order to bring the telescope axis into a parallel position
with respect to the shaft axis. Adjusting screws 9 permit the holder
to be shifted in the plane of the shaft flange, to make the telescope
axis coincide with the shaft axis. Bolts 6 serve to secure the holder
to the shaft flange.

The telescope should be accurately aligned with the shaft axis,
so that the optical axis of the telescope coincides with the axis of
rotation of the shaft.

The alignment of the telescope is effected as follows. Two targets
are mounted at distances 1-2.5 m and 7 m from the telescope. Then
the telescope is focused first on the nearer target and then on the more
distant target, and the grid on each target is brought into coincidence
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with the grid of the telescope. The shaft is rotated through 180° and
displacement of the target relative to the telescope grids is noted.
Then, using the adjusting bolts, the telescope is aimed, first, at the
more distant, and then at the nearer target, and the shaft is again
turned through 180°. The alignment process is continued in this way
until the displacements of the telescope grid relative to the target
grids have been reduced to specified limits. Less accurate alignment
can bo obtained using only one target.

o

b -

-

Fig. 280. Telescope mounted on shaft flange

In repairing the shafting several technological operations have
to be performed. The main ones are verification of the alignment
of the end shafts; establishing the shaftline axis from the end of the
engine shaft and along the intermediate shafts, to mark out the cor-
rect bores of the stern tube and bossings; establishing the shaftline
axis from the tailshaft to the main engine; installation of the main
engine in line with the shaftline axis; installation of the stern tubes;
installation of shaft bearings. .

Optical instruments may be used in the alignment of the shafting
in all cases where, in establishing the axis, use can be made of a shaft
already installed in place to whose end the optical instrument may
be attached.
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To mark out the bores of stern bushes or bossings, a device (Fig. 281)
is used, which permits the position of the shaft axis te be found with
respect to these parts.

This device consists of a support ring I, screws 2, movable ring 3,
target 4, and screws with line-pitch thread 5. By means of four screws
2, the device is fixed in the stern tube or bossing. The fine-threaded

Section ABB

ey

Section CC

Fig. 281, Device for determining the position of shaft axis relative to stern tubes,
bushes, and bossings

screws o are used to manipulate the movable ring 3, carrying the
target 4, into the required position. The target 4 consists of a cylin-
drical steel body and a panel made of organic glass. On the matt
side of the glass panel cross lines and divisions are scribed in. The
centre of the cross coincides with the centre of the target body. Above
the centre, on the vertical line, a hole of 1-2 mm diameter is drilled
which is adopted, after mounting the target, as the centre for mark-
ing out the bores. The distance of this hole from the centre of the
cross is equal to the total clearance between the stern-tube bush.and
the sleeve of the tailshaft; this ensures that the tailshaft is mounted
in line with the axis of the main engine.

33—260
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To establish the axis of the shaftline, the telescope is mounted on
the flange of the main-engine shaft and is aligned; the centring device
is inserted in the stern tube or bossing whose bore is to be marked out.
Then, after all the intermediate targels have been removed, the tele-
scope is focused on the aftermost target.

A telephonic link is established between the observer stationed
at the telescope and the observer stationed at the target. As directed
by the man at the telescope, the target is moved until it is aligned
witli tho telescope. The centre of the target will then boe on the oplical
axis of the telescope, which coincides with the axis of rotation of the
main-engine shaft. In this position the target is secured in the centr-
ing device, and inserting one leg of a pair of compasses in the hole
in the target plate, a control circle is drawn on the annular surface
of the stern tube or bossing.

The accuracy of this work depends on correct focusing of the tele-
scope. The targets are aligned in successive steps proceeding [rom the
stern of the ship towards the bows, with the intermediate targets
removed.

In the same way the shaftline axis can be established starting from
the thrust shaft or from any of the intermediate shafts, and carrying
it through the stern tube or bossings.

When checking the alignment of the end shafts (alignment of the
tailshaft with the engine shaft) the telescope is mounted in turn on
the flanges of the tailshaft and of the engine shaft. The intermediate
shafts are moved aside<during this operation.

When mounting the telescope on the forward end of the tailshaft,
the sag of the tailshaft must be taken into account. If the sag exceeds
0.05 mm, the end of the tailshaft should be raised by this amount.
A support for the tailshaft is usually provided by a temporary bear-
ing. The target is secured to coincide with the centre of the engine
shaft and the displacement of the target relative to the telescope grid
is determined. Then the telescope is mounted on the alter end of the
engine shaft and the target on the forward end of the tailshalt and
the checking operation is repeated.

The position of the telescope grid relative to the target is observed
by looking through the eyepiece or by projecting the grid on the tar-
get, depending on the sighting distance, in accordance with the con-
siderations already mentioned.

It is recommended to establish the position of the telescope grid
on the target in the following way. Looking through the eyepiece,
the position on the cross lines of the eyepiece relative to the cross
lines of the target is established; a sheet of millimetre log paper may
be used as cross lines for the target. The shaft is rotated in steps,
through angles of 90°, 180°, 270°, and 360°. For each step, the posi-
tion of the telescope grid on the target is marked. Then the four
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points so obtained are joined by diagonal lines; the cross section
of the diagonals gives the position of the optical axis of the telescope
on the target. The distance from the centre of the target to the point
of the cross section of the diagonals is a measure of the misalignment
of the tailshaft and engine shaft.

When carrying out this check, it is necessary to realize that the
tailshaft axis may lie at a lower level than the rest of the shaftline,
the difference in level being equal to half the clearance between the
tailshalt and the stern-tube bush.
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Section 179 INSTALLATION OF TAJLSHAFTS AND PROPELLERS

When the design of the stern tube is such that the tailshaft can be
inserted from the outside, this is done, under ship-repairing condi-
tions, with the aid of tackle or other hoisting devices, with which
the tailshaft is suspended. A winch and rope are used to pull the tail-
shaft into the stern tube.

If the design is such that the tailshaft has to be inserted from the
inside, which is usually the case in single-screw ships, the tailshaft
is inserted as follows. The tailshaft is placed on wooden planks or
suspended from a hoisting tackle, and is lifted to the level of the
stern tube. Applying thrust to the forward end of the tailshalt,
it is pushed home into the stern tube. Then {its position is checked
by measuring the clearance between the bush and the tailshaft sleeve;

this clearance, measured at the lowest point, should not be greatet

than 0.3 mm over a length of 150-250 mm,

In its axial position, the tailshaft should be placed so that the
clearance between the propeller boss and the end of the stern tube or
the shaft bossing is according to the drawing.

Before fitting, the propeller should be freed of any preservatives,
and the conical bore and other parts of the boss should be washed and
wiped dry. The propeller is suspended by hoisting tackle under the
stern, and is lifted and placed in position against the stern-tube open-
ing. The tailshaft is inserted in the stern tube keeping the key on the
taper in the correct position for engagement with the keyway in the
boss.

The internal circular recess in the boss is previously fitled with
grease, and the mating surfaces of the conical bore of the boss and of
the tailshaft taper are rubbed with a clean rag and smeared with
graphite. The tailshaft is pushed gradually into the boss. Then the
propeller nut is screwed on and tightened. During this operation it
is necessary to observe the directions given in Section 172.

When {itting propellers in multiscrew ships, special trolleys are
u&:ed with which each propeller is placed in position and aligned
with the tailshaft; this simplifies and speeds up the fitting process.
In single-screw ships the stern frame prevents the use of such trol-
leys, and therefore hoisting tackle is necessary.




Inserto blando, “duraboard” por ejemplo, de espesor una vez y medio el huelgo para lubricación, colocado para mantener el eje solidario al cojinete en la posición esperada.





Rvert = carga vertical sobre el cojinete


Rhoriz = carga horizontal sobre el cojinete


Se deduce que:





Rvert = Gright + Gleft – q





Siendo Gright, Gleft = lecturas de los dinamómetros; q = peso del cojinete


Además:


Rhoriz . h - Gright . c / 2 + Gleft . c / 2 = 0





entonces:





Rhoriz = (Gright - Gleft) . c / (2 . h)
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