RUGOSÍMETRO DE GALGAS PARA HÉLICES DE BUQUES

INSTRUCCIONES PARA LA INSPECCIÓN Y REPARACIÓN DE HÉLICES (RUBERT & CO, Cheshire, UK)

[image: image1.png]PROPELLER ROUGHNESS

The Rubiert comparator scale consists of 6 specimens., A, B, C, D, E & Fwhich are
exaclreplicas of the surface roughness of propellor blades.

S.pecimens A & B are replicas of the surface roughness of now or reconditioned
propellr Llades to be used as a stundard tor comparison with similar surface
roughness taken from |ropellers eroded by periods ol service, since propellar
efficiency deteriorntes In time due to the increasing surface roughness and also
writh the growth of inarine fouling. Spotimens C, D, E & F can be used to assess
8 nd report upon the prepolier blade surface condition after perlods of service.
Fropelicrs in service should be examined frequently and any fouling removad as
soon asitis noticed.

Alter cleaning, the surfuce condition should be check 2d using the comparator
end il roughness reccrded.

The propeller should be repotished if the roughness exceods the maximum
#llowable in FIG. 1

FROPELLER INSPECTION & AN MAXIMUM ALLOWABLEC
HEPAIR N\

The outer half radius of the blads should

be maintained af or near-equal to ) LEADING EOGE

specimen B, Surfaces v/hich have bean
gencrally roughencdto D, Eor F canbe
rastored to near B by the usc of 36 grit
discs, {ollowed by B0 gritdiscs.
Surfaces spproximating to C should

respond to 80 grit without the need to D VALLET'
cmploy 3 36 grit dise. Hand polishing LOWABLED
should be done In the d raction of the FRONT AND BACK FACES
water flow. OF PROPELLER SIMILAR

FIGURE "I"

Note: Take care when polishing not to change the profite of the propeller blade
edyce, particularly the leading cdge. Seak the advice of the prupelicr
manufacturer or his ngont If the leading cdge is eroded or damaged, Cavitation
erosion is usually localised and, in its more severe for ns can be seen as
roughening saveral mil imetres in depth and occasionally penotrating through
the bladus. This type of attack, uniess of » minor nature, wil not be improved by
the use of grinding discs. Alimost inevitably it will require cutting to solid metal to
produce a smoother base for welding, Contact the propelier manutacturer or his
accredited ngent. Itis essential to carefully examineg the area furward of the
cavitation for signs of unfairness, perhaps due to previous inexpart repair work
und o look particularly for leading edge damage or distortion. The use of plastic
opoxy fillers to fill cavitation erosion is of little benefit as its lifu Is very limited.

The tahile betow shows the mean values ot the paran-eters Ra and Rz
reprosented by the specimons A, B, C, D, L and F derived from 10 measurements
{rom cach specimen surface, 5 longitudinal and 5 tra1sverse.

SPECIMEN Ra (CLA) Rz
Mict ametre Microinch Micrometre Microlnch
A 0,65 26.0 5.0 200.0
B 1.92 76.8 12.0 480.0
C 4.70 188.0 32.0 1280.0
D 3.24 329.6 61.0 2040.0
E 16.6 6864.0 97.0 3880.0
F 24.9 1196.0 154.0 6160.0
DEFINITIONS -

Ra --The arithmetical mean of the absolute values of the profile departure within
the sampling langth,

Rz--The average value of thy absolute values of heights of five maximum profile
peaks and the depths of five maximum profile valleys within the sampling
fength.
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K 3 (1978)

[image: image2.png]Keyless fitting of propellers without ice
strengthening

K3.1 Requirements to be satisfied

The formulae, etc., given herein are not applicable for propellers where a sleeve is introduced between
shaft and boss.

The taper of the tailshaft cone should not exceed 1/ 15.

Prior to final pull-up, the contact area between the mating surfaces is to be checked and should not
be less than 709 of the theoretical contact area (100%). Non-contact bands extending circumfer-
entially around the boss or over the full length of the boss are not acceptable.

After final pull-up, the propeller is to be secured by a nut on the tailshaft. The put should be secured

to the shaft.
The factor of safety against friction slip at 35°C is not to be less than 2,8 under the action of rated
torque (based on rated power and r.p.m.) plus torque due to torsionals as defined in K3.4.

For the oil injection method the coefficient of friction should be 0,13 for bosses made in bronze and

steel.
The maximum equivalent uniaxial stress in the boss at 0°C based on the Mises-Hencky criterion

should not exceed 707, of the yield point or 0,27 proof-stress (0,2, offset yield strength) for the
propeller material based on the test piece value. For cast iron the value should not exceed 30%, of

the nominal tensile strength.

K3.2 Material constants

Modulus of elasticity
Cast and forged steel 2,1 X 104 kgf/cm?2
Cast iron 1,0 X 104 kgf/cm2
Copper based alloys, Cu 1 and Cu 2 1,1 X 104 kgf/cm2
Copper based alloys, Cu 3 and Cu 4 1,2 X 104 kgf/cm?
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Cast and forged steel 0,29
Cast iron 0,26
All coppcer-based alloys 0,33
Coeflicient of linear expansion
Cast and forged steel and cast iron 12,0 X 10-6 mm/mm°C
All copper based alloys 17,5 X 10-6 mm/mm°C

K3,3 Formulae used

The formulae given below, for the ahead condition, will also give sufficient safety in the astern con-
dition.
The formulae are applicable for solid shafts only.

Minimum required surface pressure at 35°C

ST F\?
=" |- 2 il
Ps AB[ 50+ A/'L +B(T)]
where B = u2 — 5202

Corresponding minimum pull-up length at 35°C

2D [1 (K241 1
835 = 35 2—‘0 [E; (EZ—-——I + Vb) + E (1 Vl)]

Minimum pull-up length at temperature ¢ (¢ < 35°C)

& = d3s + %(ab—as) (35—1)

Corresponding minimum surface pressure at temperature ¢
&
Py = P3ys —
! ¥ 55
Minimum push-up load at temperature ¢
Wi=AP(u+6)
Maximum permissible surface pressure at 0°C
0,70y (K2 —1)

Pmax e
v/ 3K4+1

Corresponding maximum permissible pull-up length at 0°C

amnx b }
yon &35
Shear force at interface
F, =22
D,

Rated thrust developed for free running vessels (if not given)

H H
T=132_ =43 X 106
32v50rT 4, 10 PN

K3.4 Nomenclature

A = 1007, theoretical contact area (mm?) between boss and shaft, as read from drawings and
disregarding oil grooves
D; = diameter (mm) of tail-shaft at the midpoint of the taper in the axial direction
Dy = mean outer diameter (mm) of propeller boss at the axial position corresponding fo DS
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F, == shear force at interface = 2eQ/D, (kgl)

Q = rated torquc (kgf/mm) transmitted according to rated horscpower, H, and speed of pro-
peller shaft

¢ == constant,
¢ = 1 for turbincs, geared diescl drives, electric drives and for direct diesel drives with a
hydraulic or an electromagdctic or high elasticity coupling.
¢ == 1,2 for a direct diesel drive.
The Classification Socicty reserves the right to increasc the ¢ constant if the shrinkage has to
absorb an extreme high pulsating torque.
H == rated brake horsepower (b.h.p.)
P = mean propeller pitch (mm)
N = propeller speed (r.p.m.) at rated brake horsepower
v == ship speed (knots) at rated horsepower
S == factor of safety against friction slip at 35°C
# == half taper of tail-shaft, e.g. taper = 1/15, 8 = 1/30
p == coefficient of friction between mating surfaces
P35 = surface pressure (kgf/mma2) between mating surfaces at 35°C
P, = surface pressure (kgf/mm?2) between mating surfaces at temperature 1°C
Po = surface pressure (kgf/mm?2) between mating surfaces at temperature 0°C
Pmax = maximum allowable surface pressure (kgf/mm?) at 0°C
83s == pull-up length (mm) at temperature 35°C
8t == pull-up length (mm) at temperature 1°C
Smax == maximum allowable pull-up length (mm) at temperature 0°C
Wi = push-up load (kgf) at temperature 1°C
oE = equivalent uniaxial stress (kgf/mm?) in the boss according to the Mises-Hencky criterion
as == coefficient of linear expansion (mm/mm°C) of shaft material, mm/mm°C
ap == coefficient of linear expansion (mm/mm°C) of boss miaterial
Es = modulus of elasticity (kgf/mm?2) of shaft material
E:, = modulus of elasticity (kgf/mm2) of boss material
vs = Poisson’s ratio for shaft material
vb = Poisson’s ratio for boss material
oy == yield point or 0,25 proof stress (0,2%, offset yield strength) of propeller material.
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1. General

1.1 Application

The instructions below are considered to be guidance notes for the repair of new propellers but
may also be adopted for existing propellers. As the defects, materials and areas affected may
vary, it is intended that this agreement be used only as a guide and not as a rigid specification
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The specification for inspection and repair of bronze propeliers should be based on the following:
type of propeller material
visual inspection and nondestructive testing
type of defect (location, dimension, etc.)
severity zones—dynamic load
blade dimensions—reinforcement beyond. rule dimensions

type of repairs (grinding, welding, etc.)
procedure of repairs (removal of defects, welding procedure, heat-treatment, straightening, ctc.).

2. Propelier material
Mechanical properties and weldability are to be considered when deciding upon repair work.

3. Inspection and nondestructive testing
3.1 Visual inspection preferably with the aid of suitable magnifier equipment is to be thoroughly
carried out.

3.2 Dye-penetrant method to be used in zone A and where the visual inspection gives rise to doubts
of the soundness of the material.

Ground and chipped defects are to be examined by the dye-penetrant method to prove whether all
defects have been removed. On completion of welding repairs the welding areas are to be examined

by the dye-penétrant method.

3.3 Radiography may be used for blade section thicknesses up to 160 mm upon a suspicion of
internal defects.

3.4 Ultrasonic testing may be used for grades Cu 3 and Cu 4 bronze, but some difficulties may be
experienced with grades Cu 1 and Cu 2.

4, Specification of defects
Recording of observed defects is to be made, preferably on drawings. The records should specify
dimensions and location of defects.

5. Removal of defects by grinding

Small defects considered unacceptable are to be removed by grinding or chipping. Care should be
taken to avoid smearing and masking of remaining parts of the defects. Chipping should always be
followed by grinding. A smooth contour of the ground depressions is essential,

6. Welding repair
The welding criteria for the various zones is given in K1.
The welding of minor defects for the sake of appearance should be avoided.

6.1 Qualification test

Before welding is started, a qualification test or tests should be made to determine the effectiveness of
the weld procedure and of the operator. Each welding operator should demonstrate his ability to do
the proposed work in a satisfactory manner, using the same process, electrodes, pre-heat and stress

relief that would be used in the actual repair.

6.2 Heat treatment

Adequate pre-heating should be carried out with care to avoid local overheating. In Table I are shown
suggested pre-heating temperature ranges.

Stress-relieving should be carried out after repair welding to avoid stress corrosion cracking when
exposed to sea water and/or prevent reduction in fatigue strength by residual stresses. It is not recom-
mended to carry out stress relieving for propellers made in Cu 3 (Ni-Al-bronze). However, stress
relieving may be carried out upon special consideration by the Classification Society.

The cooling rate following stress relieving should be slow.
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Metal arc welding with coated electrodes or gas shiclded metal arc welding is recommended for all
types of repair on bronze propellers. Gas welding may be used for the repair of minor defects in
zones Band C for Cu 1 and Cu 2 materials.

Table 1, Suggcsmd temperature ranges for pre-heat, stress relief and
hot straightening for repair of copper-based propeller materials

Temperature ranges (°C)
Material
Hot
Pre-heat Stress relicf  straightening

Cu l

Mn-brass 150-250 350-550 500-800
Cu 2

Mn-Ni-brass 150-250 350-550 500-800
Cu3l Not

Ni-Al-bronze 50-150 recommended 750-950

See 6.2

Cu4

Mun-Al-bronze 50-250 450-600 775-875

6.4 Welding procedure

All bronze alloys should preferab y be welded in-downhand (ﬂat) position.

The section to be welded is to be clean and dry. Fluxcoated electrodes should be heated before-
welding according to the maker's instructions.

To minimize distortion and the risk of crackmg, ‘the welding procedure should be deliberately slow
This is especially the case with Cu 3 bronzes.

Care should be taken to remove slag from undercuts or other defects before depositing the subsequent
runs.

7. Straightening

7.1 Applicatioh of load
Dynamic as well as static loading may be used in hot straightening. For cold straightening purposes,
static loading only should be used.

7.2 Hot straightening

Straightening of a bent propeller blade or a pitch modification should be carried out after heating the
bent region and approximately 500 mm wide zones on either side of it to the suggested temperature
range given in Table 1.

The heating should be slow and uniform, and concentrated flames such as oxy-acectylene and oxy-
propane should not be used. Sufficient time should be allowed for the temperature to become
fairly uniform through the full thickness of the blade section. The temperature must be maintained
within the suggested range throughout the straightening operation. A thermocouple instrument or
temperature-indicating crayons should be used for measuring the temperature.

7.3  Cold straightening
Cold straightening should be used for minor repairs of tips and edges only. Cold straightening on
Cu 1, Cu 2 and Cu 4 bronze should always be followed by a stress-relieving heat treatment.
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K1.1 Secverity zones
Corresponding to the degree of harmfuiness of defects in the various arcas of the propeller, the propeller
surface is divided into threc zoncs, A, B and C as shown in Fig. 1. These zoncs arc defined as follows:

Zonc A is the area on the pressure side, from and including the fillet to 0,4R, and bounded on each
side by lines lying a distance 0,15C: from the leading edge and 0,20C from the trailing edge, where
C: is the chord length at radius r.

Zone B is on the pressure side the remaining area from the base to 0,7R and on the suction side the
area from thc base to 0,7R.

Zone C is the remaining arca of the blade, and the surface of the boss including the bore.

- Leadina edae
P

Pressure side Suction side

R - propeller radius
C, = chord length at radius r

Fig. 1

X1.2 Repair of defects in Zone A

Generally a repair welding will not be permitted in Zone A. Welding in this zone will only be allowed
after a special approval from the Classification Society on an individual basis.

K1.3 Repair of defects in Zone B

A repair welding in Zone B will generally be permitted after approval from the Classification Society.
Complete details of welding procedure have to be provided for approval before start of repairs.

K1.4 Repair of defects in Zone C

A repair welding in Zone C may be considered as routine work without prior approval, provided the
welding procedure is type-approved by the Classification Society and the repairs are carried out to the
local surveyor’s satisfaction.
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K2.1 Grouping and chemical composition

In Table 1 the grouping of the copper-based propeller alloys is given together with typical values of the
chemical composition.

Table 1 Grouping and typical values of the chemical composition of copper-based alloys

| |

Component Cu Al Mn { Zn % Fe Ni Sn Pb

Alloy Chemical composition (%

Category Cu | 52-62  0,5-3,0 0,5-4,0 35-40 0,5-2,5 max. max. max.
Mn-~brass 1,0 1,5 0,5

Category Cu 2 50-57  0,5-2,0 1,0-4,0 33-38 0,5-2,5 2,5-8,0 max. max.
Mn-Ni-brass 1.5 0,5

Category Cu 3 77-82  71,0-11,0  0,5-4,0 max. 2,0-6,0 3,060 max. max.
Ni-Al-bronze 1,0 0,1 0,03

Category Cu 4 70-80  6,5-9,0 8,0-20,0 max. 2,0-50 1,5-3,0 max. max.
Mn-Al-bronze 6,0 1,0 0,05

K2.2 Zinc equivalent
The main constituents of the microstructure in the copper-based alloys Categories Cu | and Cu 2 are
alpha- and beta-phase.
Important properties such as ductility and recictance to corrosion fatigve are strongly influenced by the
relative proportion of beta-phase (too high a percentage of beta-phase having a negative cffect on these
properties). The concept of the zinc equivalent should be used as control since it summarizes the effect
of the tendency of various chemical elements to produce beta-phase in the structure.
It is recommended that the zinc equivalent as defined below should not exceed 45%:
100 x %Cu
T100+ 4
where A is the algebraic sum of the following:
1x%Sn
5x %Al
—0,5%X%Mn
~0,1x%Fe
—2,3 X Y,Ni.
The negative contribution from the elements Mn, Fe and Ni indicates that these elements tend to reduce

the amount of beta-phase. Alternatively, each tensile test piece shall be examined metallographically.
The proportion of alpha-phase determined from an average of five counts is not to be less than 257,

Zinc equivalent (%) = 100 —

K2.3 Mechanical properties

The mechanical properties as specified in Table 2 refer to separately cast test coupons. These properties
are a measure of the mechanical quality of the metal in each heat; and they arc generally not representa-
tive of the mechanical properties of the propeller casting itself, which may be up to 309 lower than that
of a separately cast test coupon.
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Yield or Tensile Elongation
Alloy 0,27 proof stress strength VA
kgf/mm? kgf/mmz2
Category Cu 1 18 45 20
Mn-brass
Category Cu 2 18 45 20
Mn-Ni-brass
Category Cu 3 25 60 16
Ni-Al-bronze
Category Cu 4 28 64 18
Mnp-Al-bronze
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Copper Alloys

Part 2, Chapter 9

Section 1

Table 9.1.2 Mechanical properties for acceptance
purposes: propeller and propeller blade

castings
0,2% proof Tensile
stress strength Elongation
Alloy designation N/mm?2 N/mm2 ©On5.65vSo
minimum minimum % minimum
(see Note)

Grade Cu 1
Manganese bronze 175 440 20

(high tensile brass)
Grade Cu 2
Ni-manganese bronze 175 440 20

(high tensile brass)
Grade Cu 3
Ni-aluminium bronze 245 590 16
Grade Cu 4
Mn-aluminium bronze 275 630 18
NOTE
The 0,2% proof stress values are to be determined for all keyless
type propeller castings. For other types of propeller castings, these
values are given for information purposes only and, unless other-
wise agreed, are not required to be verified by test.

1.8 Inspection and non-destructive examination

1.8.1 All castings are to be cleaned and adequately
prepared for inspection.

1.8.2 Al finished castings are to be presented for exam-
ination by the Surveyor, and this is to include the examination
of internal surfaces where applicable.

1.8.3 For solid propellers with a finished mass in excess
of 15 tonnes, and separately cast blades in excess of
3 tonnes, an area on the pressure side of each blade is to be
polished for careful visual examination and then subjected to
a suitable dye penetrant test. This area is to include, as a
minimum, the severity Zones A in Fig. 9.1.2 and the full length
of the fillet radius.

1.84 For vane wheels the most critical Zone B lies on
the mid portion of the aft face of the blade as shown in
Fig. 9.1.2.

1.9 Rectification of defective castings

1.9.1 The rectification of defective propeller and
propeller blade castings is to be carried out in accordance
with the requirements given in 1.9.2 to 1.9.15.

1.9.2 The rectification of small surface defects, such as
round pores less than 1 mm in diameter, is not generally
required except where they occur in closely spaced groups.

Lloyd’s Register of Shipping
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Leading edge

Fillet
Pressure side Suction side
{a) Blades with propeller skew angles less than 25°

Leading edge

Pressure side Suction side

{b} Blades with propeller skew angles greater than 25°

NOTE
For a definition of skew angle, see the relevant construction Rules

r

0,9R
C
/\ c
0,4R
b e
Forward face of the Aft face of the

vane wheel blade vane wheel blade

(c) Vane wheels

R = propelier radius
C, = chord length at radius r

Fig. 9.1.2 Severity zones

1.9.3 Where, in the surface of the end face or bore of a
propeller boss, local pores are present which do not
themselves adversely affect the strength of the casting, they
may be filled with a suitable plastic filler after the appropriate
preparation of the defective area. The foundry is to maintain
records and details of all castings which have been so
rectified.

1.9.4 Where unacceptable defects are found in a
casting, they are to be removed by mechanical means, and
the surface of the resulting depressions is subsequently to be
ground smooth. Complete elimination of the defects is to be
proved by adequate dye penetrant examination.

1.9.5 Shallow grooves or depressions resulting from the
removal of defects may, at the discretion of the Surveyor, be
accepted provided that they will cause no appreciable reduc-
tion in the strength of the castings and that they are suitably
blended by grinding.

1.9.6 Welded repairs are to be undertaken only when
they are considered to be necessary and approved by the
Surveyor. In general, welds having an area less than 5 cm?2 are
to be avoided.

1.97 All weld repairs are to be carried out in
accordance with approved procedures and practices, and are
to be completed to the satisfaction of the Surveyor.

1.0.8 For the purpose of these requirements, the blades
of propellers, including CPP blades, are divided into three
severity Zones A, B and C as shown in Fig. 9.1.2.

1.99 Welding is generally not permitted in Zone A and
will only be allowed after special consideration.

1.9.10 Prior approval by the Surveyor is required for any
welds in Zone B. Complete details of the repair procedure are
to be submitted for each case.

1.9.11 Repair by welding is allowed in Zone C provided
that there is compliance with 1.9.6 and 1.9.7.

1.9.12 Propeller castings are further divided into the

following regions:

(@  The bore.

(b)  The outer surfaces of the boss of the start of the fillet
radius.

(¢}  The forward and aft end faces of the boss.

1.9.13 Separately cast propeller blades are similarly
divided into the following regions:
{8)  The surfaces of the flange to the start of the fillet radius.
(b)  The integrally cast journals.

1.9.14 The maximum area of any single repair and the
maximum total area of repair in any one zone or region are
given in Table 9.1.3.

Table 9.1.3 Permissible rectification by welding

Severity zone Maximum individual Maximum total area

or region area of repair of repairs
Blade Zone A Weld repairs not generally permitted
Blade Zone B 200 cm2 or 2% x S,
whichever is the
greater in combined
60 cm2 or 0,6% x S Zones B and C but
whichever is the not more than 100
Blade Zone C greater cm? or 0,08% x S,

whichever is the
greater, in Zone B
on the pressure side

50 cm? or 5% x area
of the region which-
ever is the greater

17 cm2to 1,5% area
of the region which-
gver is the greater

Other regions
(see Note)

’s
where S = area of one side of a blade = 0,79 DT

D = finished diameter of propeller
B = developed area ratio
N = number of blades

NOTE

Where separately cast blades have integral journals, weld repairs
are not generally permitted in the fillet radii of within 12 mm of the
ends of the radii. When repairs are proposed in these locations,
full particulars are to be submitted for special consideration.

Lloyd’s Register of Shipping




[image: image13.png]Manufacture, Testing and Certification of Materials

Copper Alloys

Part 2, Chapter 9

Section 1

1.9.16 Where it is proposed to exceed the areas given in
Table 9.1.3, the nature and extent of the repair work are to be
approved by the Surveyor before commencement of the
repair.

1.10 Weld repair procedure
1101 Welding is to be carried out under cover the
positions free from draughts and adverse weather conditions.

1.10.2 All repairs by welding are to be made by welders
who have satisfactorily completed qualification tests in
accordance with procedures proposed by the foundry and
approved by the Surveyor. If a welder has not undertaken
repair work for 12 months, or the Surveyor has other reasons
1o doubt his ability, he must re-qualify before making further
weld repairs.

1.10.3 Metal arc welding with approved electrodes or
filler wire is to be used for all types of repairs. Welds should
preferably be made in the downhand (flat) position. Where
necessary, suitable preheat is to be applied before welding,
and the preheat temperature is to be maintained until welding
is completed.

1.10.4 With the exception given in 1.10.5, all weld repairs
in areas of solid propellers exposed to sea water, and all
repairs to separately cast blades, are to be stress relief heat
treated.

1.105 Stress relief heat treatment may be omitted in
alloy Grade Cu 3 castings for welds in Zone C of Fig. 8.1.2 or
on the hubs of fixed pitch propellers. Stress relief is required,
however, for welds in this alloy in Zones A and B or between
bolt holes on the flange of a separately cast blade or if a
welding consumable susceptible to stress corrosion cracking
(e.g. complying with the composition alloy Grade Cu 4) is
used.

1.10.6 Propelier and propeller blades are to be stress
relieved within the following temperature ranges:

alloy Grades Cu 1 and Cu 2 350°C to 550°C

alloy Grade Cu 3 500°C to 850°C

alloy Grade Cu 4 450°C to 650°C
Soaking times are to be in accordance with Table 9.1.4, and
subsequent cooling from the scaking temperature is to be
suitably controiled to minimize residual stresses. Care should
be taken to avoid heating castings in the Grade Cu 3 alloy at
temperatures between 300 and 400°C for prolonged periods.

1.10.7 Stress relief heat treatment is to be carried out,
where possible, in furnaces having suitable atmosphere and
temperature control. Sufficient thermocouples are to be
attached to the propeller to measure the temperature at
positions of extremes of thickness.

1.10.8 As an alternative to 1.10.7, local stress relief heat
treatment may be accepted, provided that the Surveyor is
satisfied that the technigue will be effective and that adequate
precautions are taken to prevent the introduction of detrimen-
tal temperature gradients. Where local stress relief heat
treatment is approved, adequate temperature control is 1o be
provided. The area of the propeller or blade adjacent to the
repair is to be suitably monitored and insulated to ensure that
the required temperature is maintained and that temperature
gradients are moderate.

Care should be taken to select the shape of an
area 1o be heat treated which will minimize residual stresses.

1.10.9 Where it is proposed to adopt a stress relief
procedure other than that detailed in 1.10.8, full particulars are
to be submitted for special consideration.

1.10.10 On completion, welds are to be ground smooth
for visual examination and dye penetrant testing. Where a
propelier or propelier blade is to be stress relief heat treated, a
visual examination is 1o be made before heat treatment, and
both visual and dye penetrant examinations are to be made
after the stress relief heat treatment.

1.10.11 The foundry is to maintain full records detailing the
weld procedure, heat treatment and extent and location of
repairs made to each casting on drawings. These records are
to be available for review by the Surveyor, and copies of
individual records are to be supplied to the Surveyor on
request.

1.10.12 The Committee reserves the right to restrict the
amount of repair work accepted from a manufacturer when it
appears that repetitive defects are the result of improper
foundry techniques or practices.

Table 9.1.4  Soaking times for stress relief heat treatment of copper
alloy propeliers
Alloy Grade Cut and Cu 2 Alloy Grade Cu 3 and Cu 4
Stress relief Maximum Maximum
temperature Hours per recommended Hours per recommended
°C 25. mm total time 25. mm {otal time
of thickness hours of thickness hours
350 5 15 - -
400 1 5 - _
450 172 2 5 15
500 1/4 1 1 5
550 1/4 /2 /2 2
600 - - /4 1
850 - - 14 o
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1.11 Identification

1111 Castings are to be clearly marked by the manu-

facturer in accordance with the requirements of Chapter 1.

The following details are to be shown on all castings which

have been accepted:

(@ Identification mark which will enable the full history of the
item to be traced.

(b)  Alloy grade.

(c) LR orLloyd’s Register and the abbreviated name of LR’s
local office.

(d) Personal stamp of Surveyor responsible for the final
inspection.

(e)  Date of final inspection.
() Skew angle if in excess of 25°. (See Note to Fig. 9.1.2(b)
for definition of skew angle.)

1.12 Certification

1121 The manufacturer is to provide the Surveyor with
a written statement giving the following particulars for each
casting:

(a)  Purchaser’s name and order number.

(b)  Description of casting.

(c)  Alloy designation and/or trade name.

(d) Identification number of casting.

(e) Cast identification number.

{ Details of heat treatment, where applicable.

(g Skew angle if in excess of 25° (see Note to Fig. 9.1.2(b)

for definition of skew angle.)

Lloyd’s Register of Shipping
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[image: image15.png]Suxrvey of Controilablie Pitch Propellers (CP)

l. Check list
At each bottom survey: = All vital parts to be visually inspected
{(without dis¢oennsction) for cracks.
~ -Hub and blade sealings to be hydraullcally
pressure tested according. to maker's ro-
commendation (nor.ally abt. 3 harj
~ Satisfactory oil quality to be verified
fromfoil,aampies;
- Normal oil cbnsumptxon during the past
period to be conflrmed by C2.
- All bolts to be Checkmd'fof tightness
and locking device.
= Full pitch ahead/astern and contro)
system to be checked from all mancevring
stations.

2. Diwgconnection cf blades: At drydocking in connection with SPS, it
is advisedble to disconnect one blade for
careful exawmination and crack detecticn.

- I0 in oovder, connect up and function test.
Binde No, Lo b recordw!., Next bLlude Ho.
to L disconnected at next survey.

Note: Maker's instructions/roconsnesi-—
dation ko be followed witch respect to

lnupecticon intecval |

3. Typfcal damagen: See Appendix.
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puring survey of c.p. propellers speoial attention should be paid to:

1.
2.
3.
4.
5.
6.
7.

Cracks in recess of flange boreholes
Cracks in crank pin ring fillet,
Cracks in flange between boreholes
Cracks in boss between blade openings
Cracks in blade openings

Cracks in threads for bearing ring
Corrosion on propeller shaft flange

Comments to the above types of damages:

1.

3,

4.

S,

6.

As Iindicated on Fig.2a, thaffiret mentioned type'of'cracks ,
normally starts in the borehple recess fillet., The cracks appear
most frequently in boreholes situated on the pressure side of the
blade,

Cracks in the crank ring are most frequently situated as indicated
on Fig.2b, usually on. the pressure side.

Cracks in the flange are most frequently situated as indicated

on Fig.l @.The cracks may be a result of securing bolts by welding.

. Cracks in the boss are most frequently situated as indicated on

Fig.1l (:).The cracks usually start from inside the boss.

Cracks in blade openings are most frequently situated as indicated
on Fig.2c,.

Cracks in threads for bearing ring are most frequently situated as

"{ndicated on Fig.2c.

- Corrosion on propeller shaft flange are most frequently situated

as indicated on Fig.2d.

(Just inside the splitting of the stainless steel protection cover)

For repair of the before mentioned items, see "Guidance Manual for

Inspection and Repair of S8teel Prupeliers®,
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FIGURE 44-2

Note.—Care to be taken to have at least 1{” clearance between
hub and sheft casing, The rubber packing to be no larger than
the volume of space occupied, in order to permit the hub being
properly set up.
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R = propeller radius


Cr = chord length at radius r
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Camisa o luchadero de eje portahélice





La empaquetadura es normalmente un “O – ring”
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