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This paper deals with the practical approach to the repair of bronze 
propellers. Out of the many types of bronze propellers successfully 
repaired during the past years at the yard, one repair has been 
chosen in this paper as an example to elaborate on the repair 
procedure.

I) INTRODUCTION

The screw propeller is perhaps the most important single item of 
detailed design of any craft. The whole complex arrangement of hull 
and machinery can be outweighed if incorrect propeller dimensi ns 
are chosen. The writers experierce is that the design of the pro

peller calls for a great deal of fineness and even after such fine

ness, there is a doubt, that after trials whether the proportions 
chosen are the best for the given conditions. The design of the 
propeller being such, once satisfactory proportions are arrived at., 
maintenance of such proportions in operation is vital for the effi

ciency of the craft. This is where the repairer comes in.

Out of the many design features of the propeller blades, the repairers 
main concern is to the pitch, which may alter along the radius, the 
forms of the leading and trai1ing edges and tips and the fairness of 
the aerofoil section. Aftez the repair it is of utmost importance 
to see that the designed strength of the propeller is maintained 
without any undue stresses induced on the material tr changes in the 
micro-strncture etc. This is because in service the propeller blades 
are subject to a complex pattern of fluctuating stresses 
due to many varying blade loading components. Namely, hydro dynamic 
loading, mechanical loading, environmental loading and operational 
loading. The hydro dynamic components of the propeller blade loading 
are determined by the characteristics of the wake field in which the



proDeller operates and depends upon the ships speed, hull geometry, 
draft, trim, depth of water below vessel etc. Mechanical loading 
on a particular section of the blade is a function of the mass of 
the blade and the relative position of its centre of gravity. As 
such,^ system of forces and moments is produced. Environmental 
loading broadly speaking falls into 3 major areas cf consideration; 
these being the effects of bad weather, fouling, of ice and submerged 
objects. The operational loading is a function which varies with the 
service conditions. These stresses appear as tensile stresses over the 
pressure face of the blades and as compressive stresses on the back of 
the blades when moving ahead. These stresses are maximum near the cen

tre of the inner area of each blade and decreases from about 0.5 radius 
steadily towards the tip and blade edges. Strengthwise therefore the 
position of any damage determines its level of severity. Due to this, 
several Classification Societies have divided the surfaces of propeller 
blades into 3 zones. This is illustrated in Figure I below.

(Taken from Det Norske Veritas)

(FIGURE I)
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Zone A is the area on the pressure side of the blade, from and inclu
ding the fillet to 0.4R and bounded on either sides by lines lying 
a distance of 0.15 and 0.20 times the chord length from the leading 
edge and the trailing edge respectively. Zone B is on the pressure 
side, the remaining area of the base to 0.7P. and on the suction side 
the area from the base to 0.7R. Zone C is the area outside 0.7R on 
both sides of the propeller blades end ths surface of the boss inclu
ding the bore surface.

IT)CHEMICAL COMPOSITION OF PROPELLER BRONZES

Traditionally the principle material for propeller manufacture has been 
high tensile brasses. With the introduction of increased propulsion 
power wnich introduced problems of errosion and corrosion at a much 
wider scale, materials such as manganese aluminium, nicol aluminium 
braizes made their appearance. The typical chemical composition of 
the four most commonly used copper based materials are given in the 
Figure II below. (Taken from Det Norske Veritas)

(FIGURE II)

Material X Cu XZn XFe XA1 XMn XMi XSn

Mn-bronze* 58 38 i 1 1 0,5 0,5

N iHr.-bronze* 56 «4 1/5 1/5 3 3,5 0,5

UiAl-bronze 79,5 - 4,5 9 2,5 4,5 -

MnAl-bronze 75 - 3 8 12 2 -

# High tensile brass
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III) PREPARATIONS PRIOR TO THE ARRIVAL OF THE SHIP

Following data relative to the damaged propeller obtained from 
the owners before the ship arrived at the yard.

a) Chemical composition of the propeller material and material 
test results.

Chemical Composition

Cu : Zn : Mn : Fe : A1 : Sn : Ni

58.34 37.55 1.36 0.88 0.67 0.42 0.78

Test Results

Tensile strength:- 51.3 KG/MM2 
Elongation on 7Ouan:- 29.0

Proof stress:- 20.4 KG/MM2

b) Diver's report indicating the extent of damage on the blades

c) Propeller data sheet 
(See Annezure 1 and 'a)

With the above in hand, following preliminary work was carried out.

1) Full size developed area of the blade drawn and super imposed 
the damaged sections.

2) Damaged sections, geometrical forms determined.

Patterns made accordingly and sections casted according, to the 
7iven chemical composition.

3) Chemical analysis and physical property test carried out on the 
casted test piece, the results of which are as given below:-

Cu : Zn : Mn Fe : A1 : Sn : Ni

58 37.92 1.2 i.l .6 .5 .48

Tensile strength 47.2 Kg/M?

Elongation on 70xm specimen 29X

Welder approval tests and pioceduze approval tests were carried 
out using sample castings.
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The data related to the test pieces are as given below and as per Figure 
III below.

(a) Zanual setal arc welding with flux coated electrodes down hand 
position only, D.C. reverse polarity, (elect-ode positive)

(b) Electrode type - Sudobronze, MNS special coated electrode with low 
hydrogen characteristics 3.25mm dia electrode used for the routs run. 
4.4mm dia electrodes for 1st and 2nd filler run and 5mm electrodes for 
the 3rd and subsequent filler deposits.

Chemical composition of ths electrodes

Jil : Ni : Mn Fe

6* 2.5X 12X 3X

Rest copper.

Pre-heat temperate ss of material - 150°C - 200°C for the parent

materia'. 250°C for minimum one hour for electrodes. Work pieces 
cooled under controlled condition after completion of welding. The 
test piece finally ground, dye penetrant checks carried out, stress 
relieved and subjected to tensile test.

All the tests to the satisfaction of the Classification Surveyor.

(FIGURE III)

(Taken from Det Sorske Veritas)
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TV) INSPECTION AND NON-DESTRUCTIVE TEST

On arrival of the ship at the yard, the ship was dry docked, prop

eller dismemtled and removed to the workshop for inspection and 
repair. The propdler cleaned and polished with mechanical wire 
brush. A dye penetrant test was carried out on all 4 blades and 
on the boss. The defects, even very minute ones were all recor

ded and listed out with reference to the zones and repairs and 
method of repair li sted out with the following in mind.

a) Repairs of defects in Zone A

In Zone A, the repair by welding is normally not allowed. This 
is because the massive sections near tne blades cause a higher 
degree of restrain and the consequence of the subsequent failure 
is jreater. Here the defects that are not deeper than Da - t_ mm 
or 2mm below minimum local thickness according to the rules 
should be removed by grinding. Any defects deeper than stated 
requires individual consideration by Classification Surveyor 
and owner.

b) Repairs of defects in Zone B

Defects that are not deeper than Db = t_ or 2mn below ( whichever 
is greater) below the minimum local thick* .ess according to the 
rules, should be removed by grinding. Weld repairs in Zone B 
should also not be made without consultation between the owners 
and the Classification Society. Normally those defects that are 
deeper than allowable for removal by grinding may normally be 
repaired by welding. The extent of such repairs however should 
be limited and their depth should not exceed t/3. The possible 
repair of defects that are deeper than those referred above is 
to be considered by a surveyor and the owner in each seperate

rase.
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c) Repairs of defects in Zone C

In Zone C, weld repairs are generally permitted. The repair of 
weld should be in accordance with recommendations.

Welds in the bore surface need not be stress relieved since this

area is not in contact with sea water and therefore not prone to»
stress corrosion cracking. For weld repairs on the outer surface 
of the boss and particularly for repairs between the blade fillet 
areas, care should be exercised to avoid the cracking due to 
thermal stresses in connection with the welding.

V) THE LEADING EDGE

The form of the leading edge of the blade is important because it 
determines the pattern of the water flow over the blade surface 
and the degree of any cavitation. Damage even of a minor nature 
along the leading edge can cause erosion of the blade surface. 
Fine cracks at the blade edges particularly within the ,7R can 
grow into large ones through fatigue. The damage to the trail

ing edge is less likely, but because the sections are thinner it 
is important to restore the correct pitch at all points along 
the trailing edge.

The damage of the propeller under examination has occured due to 
grounding and the defects were severe raging from hairline cracks 
to complete tearing off of certain sections.

(For details of damage see Figu'c IV overleaf)
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(FIGURE IV)
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In general the defects that appear on bronze propeller are as follows:

a) Corrosion

This can range from local roughening along the leading edges and 
tips to widespread loss of metal, which in some cases affects the 
whole of the blade surfaces. Although it can produce severe rough
ening of the blade surface, with subsequent loss of efficiency, the 
depth is generally slight and it can usually be removed by grinding 
and polishing the affected area. Propeller wastage and repeated 
grinding can leave plate eages too thin to resist minor impacts, 
increase in the susceptibility to tear and cracks. In these ca„es 
edges should be cut back and reformed to give adequate strength; 
the blade outline being faired in gradually with the remainder of the 
blade.

b) Cavitation Corrosion

This type of attac'c is usually of the localised nature and is best 
repaired by welding. For this purpose, the propeller should be remo

ved from the shaft and set upon the dock bottom with the blade sur

face in the vicinity of the erosion as nearly horizontal as possible.

c) Cracks

Most cracking occurs as bxade edges and is usually the result of a 
mechanical damage. All cracks at or near blade edges, no matter how 
small, are potentially dangerous. The cracks usually exist in an 
area containing residual tensile stress and if the crack has been 
caused by impact the residual stress may be very high. The crack 
itself is a stress riser and therefore there is every possibility 
that during service the crack will grow by fatigue and depending on 
the position in the blade, may lead to the loss of a considerable 
portion of the blade.

It is important therefore that all cracks be carefully repaired.

Very small cracks or tears are best removed by grinding or filing, 
but large ones should be repaired by welding.
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d) Blade Distortion

One of the most frequent results of impact damage is that parts of 
the blade, particularly near the edges and the tip becomes distorted. 
This distortion is very considerable with the result that the pitch 
of the blade is incorrect.

e) Edge Damage

This usually takes a form of tearing along the blade edge coupled in 
many cases, with local bendings and sometimes cracking. It is essen

tial that all cracks be attended to as soon as possible and that care 
be taken to ensure that no cracks are left on che blades when the 
propeller is returned to service.

f) Boss Cracks

Many cases are on record of propeller boss which have cracked as a 
result of the misapplication of heat to facilitate removal of the 
propeller from the shaft. These cracks which sometimes spread into 
the blade rouces are caused by a combination of stress and sea water 
corrosion. The high stress necessary to produce such cracks in the 
boss are induced by high temperature locally applied flames, oxy- 
acetylene and oxy-propane being the most dangerous.

The defects of the propeller was repaired in the following manner 

Blade Distortion

The blade distortions were first attended to. The affected areas were 
determined by careful measurements. The repair was then carried out by 
heating up distorted area and the area surrounding it slowly and uniformly, 
with the help of a propane burner w<th a large flame. During heating, the 
top surface of the blade was covered with an asbestos blanket in order to 
prevent the heat loss and to maintain an uniform temperature of 600°C.

The temperature indicating crayons were used for measuring the temperature. 
Working on the metal was carried out between 60Q°C and 650°C by the use of 
weights and levers, in order to correct the distuited areas. TAt. whole 
straightening was carried out very carefully and slowly. The progress of 
the straightening operation was checked by the use of a straight edge in 
addition to a visual examination of the curve along the edge of the blade.



On completion of straightening, tne affected area was allowed to cool 
slowly with the heated zones covered with asbestos \nd shielded from any 
draught.

Straightening in general:-

In general, before straightening of bronze propellers, the chemical com

position must be determined. This is because the -=• Hoy suffers from a 
drop in ductivitu between 300°C and 500°C depending on the composition 
of the alloy. Small distortions in the sections can be straightened cold, 
but hot working is preferable at the range of temperature corresponding 
to the different alloy as given in Figure V below.

(FIGURE V)

RECOMMENDED TEMPERATURE RANGES FOR HOT STRAIGHTENING

Material
—
Mn-bronze

—
NiMn-bronze NiAl-bronze

—
MnAl-bronze

Straightening 
temp. °C

500-800 500-800 700-900 700-850

Straightening of the bent propeller blade should be carried out after heating 
bent region and approx. 50 cm wide zone on either side to the appropriate 
temperature range. The heating should be slow and uniform, and concentrated 
flames such as oxy-acetylene and oxy-propane should not be used. Sufficient 
time should Le allowed for the temperature to become fairly uniform through 
the full thickness of the blade section. The temperature must be maintained 
within the recommended range throughout the straightening operations. The 
thermocouple instrument or temperature indicating crayons could be used to 
measure the temperature. In order to accomplish a slow rate of cooling after 
the straightening operation, the heated zones should be wrapped in asbestos 
blankets or similar. If there are cracks, the growth of the cracks during
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straightening can be prevented by drilling large holes at their tips. 
The working of the netax is recommended either Jty applying weights, 
lever or jacks.

Cracks:-

Attention to cracks were next made. All cricks including hairline 
cracks were ground to sound material using a high speed grinder with 
moderate grinding pressure. While grinding, it is important to 
avoid smearing and ¡¡asking of possible remaining parts of the defects.

The ground surfaces re-examined by dye penetrant method. The grooves

and bevels were ground tc the shape required for welding. (See fig.vi below)

(FIGURE VI)

REPAIR WELDING 

TYPICAL GROOVE PREPARATION

I

T Y P I C A L

T ' P  RE P A I R

P R E P A R A T I O N  OF J I NT
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Edge Damage ¿uid missing portions

The tearing of blade edges of minor nature was ground ana prepared for 
filling up by welding. The preparation for filling up is 45° '.oevel 
Where large portions of the blade is missing, the edges were cut. straight 
and prepared for welding. Casted sections formed £ welding preparations 
prepared by grinding and machining respectively.

Welding

The propeller w^s placed In a horizontal position and blades well suppor

ted. Preheating applied with propane burner to ensure dryness of the 
area being welded and to improve weld penetration. The temperature kept 
between 100°C - 150°C checked with crayons. The heated sections were 
covered with asbestos cloth to minimise heat losses during welding and 
preheating.

When building up the edges, the graphite block was used as a backing 
plate. All welding carried out down hand. The pressure face was first 
welded and completed, che propeller was then turned over the weld back, 
chipped and ground to sound root material, and welding completed. Before 
laying each subsequent weld layer, care taken to remove slag from undercuts 
and other defects by chipping and grinding. The insert pieces were offset 
5 - 1C ' depending on the size and section and held by clamps before welding. 
This is because the stress from the welding causes the insert pieces to 
lift After allowing the propeller to cool down with asbestos cloth 
wrapped round it, the welds and insert pieces were ground down to conform 
with t'te propeller blade surface and carefully examined by means of aje 
penetrant for any defects such as cracks, lack of penetration etc. All 
defects attended to before heat treats', at.

Heat Treatment

After making sure that all defects are rectified and that no other defect 
exists, the propeller was prepared for stress relieving. The propeller 
laid horizontal, with the complete weight taken on the boss. All blades 
were then well supported. For local stress relieving all welded areas and
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£round were laid with electric resistance heating pad(cooper heat pads) 
and the complete propeller blanket.ted with asbestos cloth. Beat was 
then applied under controlled conditions. The temperature was recorded 
by thermocouple instrument placed at several places. The rate of heating, 
soakage temperature and time and cooling rate applied is given seperately 
in Annexure II.

In general except for non-critical areas of nicol aluminium bronze propellers, 
welding of all bronze alloy propeller should be followed by stress relief 
to avoid the risk of subsequent cracking through corrosion fatigue and stress 
corrosion. The heat treatment also improves the micro structure and corrosion 
resistance. Heat treatment can also be done by heatiig th~ entire propeller 
in a furnace, or by local heating applied using soft gas torch. When local 
heat is applied to minimise stress strained during thermal changes, the 
boundary of the heated zone should be as straight as possible and never en

closed by colder parts of the blade. Cooling from the stress relieving 
temperature should be slow in order to give time for the correct micro 
structure to form and to avoid build up ot residual stress.

The recommended temperature ranges for stress relief of various bronze alloys 
are given in Figure VII below and Figure VIII overleaf.

(FIGURE VII)

SOAKING TIMES FOR STRESS RELIEF HEAT TREATMENT OF BRONZE
PROPELLERS

Stress
Relief
Temperatures

°C °F

Soaking Times (hours)

High
Hours per 
25mm(l in) 
of thick
ness

Tensile Brass 
Maximum 
recommended 
total time

Aluminium Bronzes 
Hours per Maximum 
25 mm(l in) recommended 
of thickness total time

350 660 5 15 - -

400 75 0 1 5 - -

450 840 1/2 2 5 15

500 930 1/4 1 1 5

550 1020 1/4 1/2 1/2 2

600 1110 - - 1/4 1

650 1200 - — 1/4 1/2
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(FIGURE Vili)

WELDING PROCESSES, FILLER METALS AND HEAT JREATMENTE

9
Alloy Welding process Filler 

He tal
Preheat
temp.°C

Stress relief 
temp.°C

Manganese
bronze
(high-tensile
brass)

Shielded metal-arc 
Inert gas metc.l-arc(MIG) 
Inert gas tungsten- 

arc (TIG)
Inert gas tungsten- 

arc (TIG)
Gas welding

Al-bronze*

Mn-bronze

Mn-bronze

150-250 350-550

w
Nickel
Manganese

Bronze

(high-tensile
brass)

Shielded metal-arc 
Inert gas metal-arc 

(MIG)
Inert gas tungsten- 

arj (TIG)
Inert gas tungsten- 

arc (TIG) 
Gas welding

Al-bronze

NiMn-bronze
NiMn-bronze

150-250 350-550

Nickel
Aluminium
bronze

Shielded metal-arc 
Inert gas metal-arc 

(MIG)
Inert gas ttuigsten- 

arc (TIG)

Al-bronze

NiAl-bronze

MnAl-bronze

50-150 None

Manganese
Aliuninium
bronze

Shielded metal-arc 
Inert gas metal-arc 

(MIG)
Inert gas tungsten- 

arc (TIG

MnAl-bronze 100-250 450-600

* NiAl-bronze and MnAl-bronze are acceptable.

Annexure I H Shows the propeller blades after repairs

Annexure IV Shows photographs of various defects and repair in progress 
at the yard.

22nd March 1984 
Sri Lanka.
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P ro p e l le r  Dota Sheet

...» DIMENSION OF BLADE SECTION ••••
*  r - X 1 DISTANCE THOM l e a d i n g EDGE ( HH )

- - f YO 1 HEIGHT Of BACK FACE ( HH )

3 t - k
Ns I JIU YU 1 HEIGHT OF P l T f M  fkC9 < HH )

\
MAU. -  MESA TYPE BLAOE SECTION

r

* / ■
K 0.0 71.0 42.0 * 2.3 103.0 I 3T .0 210.0 313.3 334.0 420.0 323.0 423.0 T J 4.0 * 33.0 3* 4.0 347.0 1043.0

O. 20 VO ♦ 5.  A 1* 1. » 1* 3. > 1* 1.1 20*.1 233.3 232.4 2T J .2 2T J . T 24T .3 244.2 213.3 172. * 123.1 * 3,2 41.1 12.3
YU * 4. * 32.1 41.1 2 T . 4 14. * 4.4 0.0 0.0 0.0 0.0 0*0 0.0 0.0 0.0 0.0 0.0

X 0.0 7̂ .4 SO.  t t *  . 3 12T .0 131.0 234.0 3* 1.0 40T .0 30*.0 434.0 743.0 ( 30.0 I O J T .0 11* 4.0 1207,0 1271.0
0* JO YO 11. J 120.3 131.3 133. T D * . T 13?.1 21*.3 231.3 232.4 22T .2 203.0 1* 1.4 1* 4. * 103.2 31. * 34.3 10.3

YU 3* . * * 4.3 34.3 23.2 12.3 3.3 0.0 0.0 0.0 0.0 o »o 0.0 0.0 0.0 0.0 0.0

X 0.0 23. * 33.2 i l . T 14».0 222.0 234.0 444.0 4T 3.0 332.0 740.0 * 11.0 1033.0 11* 3.0 1331.0 1403.0 1* 73.0
0. «0 YO «•.2 101.1 11*13 121.3 14*.2 144.2 I T 3. T 134.3 134.3 130.4 I T S .  3 132.3 123.1 •  •  I 2 * 3.3 23.2 * . *

YU « T .3 n . l 23.2 13.3 10.3 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

X 0.0 J > . * * 4.3 100.0 14T .0 231.0 333.0 302.0 333.0 444.0 •  30.0 333.0 1137.0 1370.0 14* 3.0 13* 3.0 14* 7.0
0. JO YO 33.3 •  2.3 33 3 103. T 121. ' 134.2 14T . J 133.3 133. * 134. » 1* 3. * 123.0 101.2 72.3 * 0. * 24.4 7. *

YU J ( . l 30.4 24.0 14.0 *.4 3. * 0.0 0.0 0.0 0.0 0.0 0*0 O . o 0.0 0.0 0.0

A 0.0 31.3 t t . j 114.0 13J .0 230.0 J M . O 3E0.0 413.0 T33.0 32*.0 1034.0 12* 4.0 1* 33.0 1403.0 1***»0 1773.0
0. AO YO * 3. » •  3. * l * . l (2 . t 34.1 10*.4 11T .3 12T .3 12T . ( 123.0 ¿13.1 100,3 ( 1.4 S*.3 33.7 20.7 7.7

YU 30.2 23.1 1* .  2 12.1 t .4 2.3 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0. 0. 0.0

X 0.0 O . * 3) .4 1 ST .0 221.0 342.0 434.0 4* 3.0 TSO.O D M l O K . O I 1T I .0 133*.0 1437,0 1137.0 1737.0 1* 17.0
0. TO YO 2» . * 32.1 * 0.1 T 1.2 11.3 •  3.1 3T . * 31.0 33. * •  *.4 77.2 43.0 44.0

t u 20.1 13.1 l l . T T .3 4.0 l . T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

X 0.0 43.3 31.3 141.0 244.0 343.0 432.0 T 3*.0 T M . O • 33.0 i o 3* . o 11T I .0 1317.0 1434.0 1334.0 1* 43.0 1733.0
0. (0 YO 1* . * 2T .0 32.3 t t .3 4T .4 34.3 43.2 TO.2 T0.3 4* . * 43. T 33.3 43.3 34.1

YU 3. » T .3 3.T 3.4 1.3 0.1 0.0 0.0 O.0 0.0 0.0 0.0 0,0 0.0 0.0 . ' 0.0

X 0.0 43.3 •  4.3 130.0 21T .0 324.0 4 33.0 * 32.0 433.0 T i i . e •  •*.0 333.0 1101.0 »» ft# O m O 1313,0 1343.0 1* 22.0
0. «0 YO 4.1 14.0 11.0 21. T 2* .  1 3* . * 33. T 44.3 44.4 44.1 * 1. T 37. * 32.2

t u 1. * 1.2 0.3 0.3 0.3 0.1 0.0 0.0 . 0. » 0.0 0,0 0.0 0.0 0.0 0.3 0.0
X 0.0 33. * * 7.2 101 .0 14*.0 232.0 334.0 304.0 33*.*0 401. 4* 0.0 T33.0 • 3*.0 317.0 Ì 34.0 1033.0 1073.0

0. t j YO 3. T 10.3 13.2 13. » 20.4 23.4 23.0 >2.3 32.4 324 30. » 21.3 24.7
YU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0,0 0.0 0.0 0.0 0.0 0.0

• .EAOINC EDGE 01/02
I / O 0.2 0. 3 * . * 0.3 0. it l . T 0.1 0.4 0.33

«1 3T .3 3* . 1 24.1 P . l 0. *  4. T » . l 3. T 3.1

«2 23.1 I T . 3 12.3 l . l 3. 1 4.0 3.1 J . T 3,7
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ANNEXUrtS I l l a



Al-'NfiXURS HT '*>)

m.v. APJ ANGAD
PROPELLER - AFTER REPAIRS

DRAWN BY KtSHALA OATE k FfB 198L

SKETCH NO S/A5I/ A



\ LOOKING FROM AFT

COLOMBO DOCKYARD ( p H  LTD
SRI LANKA

m.v. APJ ANGAD
PROPELLER • AFTER REPAIRS

ORAWN BY K9SHALA OATE 4 rFO 1984

SKETCH NO S/454/R



¿¿ ANNEXUHE IIId




