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Abstract: Maintenance and renovation of rotating ship component requires accurate knowledge in order to develop cost
effective programs to extend their useful life. An innovative and successful technique used to manage effects of corrosion
is discussed here. Crevice corrosion was observed on bearing area of propeller shaft of research ship Sagar Purvi due to the
ingress of sea water through sea tubes/shaft seals, thereby making excessive pitting leading to reduced strength and
durability with chances of cracking under rotation. This paves the way for replacement of propeller shafts once in every
two years which is costly. Technical study established two alternate solutions viz., metal cladding on less corroded area and
clad welding by MIG welding on largely affected area. FE analysis using ANSYS is used for design optimization and
fatigue strength determination. Radiographic and DP tests on shaft and fatigue test on prototypes proved perfectness of
welding. The shaft has been reused since two years and it is working well like the original one. Cost of rebuilding is about
10% of cost of new propeller shaft with same performance and it provided an innovate idea to manage corrosion and its
adverse effects.
Index Terms— crevice corrosion, corrosion fatigue, shaft welding, weld design, heat-treatment.

I. INTRODUCTION
Sagar Purvi is a coastal research vessel (CRV) of National Institute of Ocean Technology an autonomous body
under Ministry of Earth Science, Government of India, operated and maintained by Vessel Management Cell. The
vessel is primarily used for various scientific programmes and provides a platform for many scientific activities.
The vessel rendered services to various institutions as a national facility and carried out operations in different
fields of research. Sagar Purvi is having overall length of 30.15m, breadth of 6.5m, draft of 1.8m and tonnage 187
GRT. The vessel’s cruising speed is 6 knots with maximum speed of 8 knots. Figure-1 shows the CRV Sagar Purvi.

Fig.1. Sagar Purvi

A. Objective
 To study effects of corrosion on ship’s propeller shafts.
 Develop an engineering solution to reuse pitted propeller shafts for saving considerable cost and time and
to ensure efficient management of corrosion.
 To evaluate the quality of work.
 Transient thermal analysis using ANSYS to prove the quality of weld.
 Fatigue analysis using ANSYS to determine fatigue strength.
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Erosion corrosion occurs as a result of combination of an aggressive chemical environment and high fluid-surface
velocities. Protective scale on the metal surface wears as ship's propeller churns in the ocean. Pitting and crevice
corrosion is due to the presence of warm salt water stagnant for long periods of time. Corrosion observed on stern
tube, bearing or seal seating area and it cannot be detected until the shafts are removed.
II. CORROSION
A. Corrosion Theory
Water on the metal surface dissolves CO2 and O2 from the air.
H 2 O+CO 2  H 2 CO 3 --- (1)
2H2O 2H+ + 2OH
+

H 2 CO 3 

--- (2)

2H + CO 3



--- (3)

FeFe +2e --- (4)
Electrons lost by Fe are taken by H+
H+ +e- H --- (5)
4H+O2 2H2O --- (6)
2+

-

O2 +4H+ +4e- 2H2O

--- (7)
Dissolved O2 can take electrons
O2 +2H2O+4e- 4OH- --- (8)
+
2Fe(s) +O2(g) +4H(aq)
2FeCO3 +8H+ --- (9)
Fe2+ reacts with dissolved O2 and water
4Fe2+ +O2 +4H2O2FeCO3 +8H+ --- (10)
FeCO3 +X4H2OFe2O3 .XH2O --- (11)
B. Causes of Corrosion
The factors that cause corrosion are





Reactivity of metal
Presence of impurities
Presence of air, moisture, gases like SO2 and CO2
Presence of electrolytes

C. Hot Water Corrosion
It is usually observed on Boiler systems; Turbines etc., where the parts are subjected to very high temperature.
Dissolved oxygen and CO2 are the common causes. The member will be under mechanical stress and fatigue
cracking. In present scenario, a small amount of sea-water entered through shaft seal. During shaft rotation,
temperature of water increases which is prone to hot water corrosion [1] and surface pitting.

Fig.2. Schematic representation of propeller shaft assembly

Though there is a drain system in place to vent out stagnated hot water and in-spite of anti-corrosive measures
taken; the shaft is vulnerable to corrosion because of stagnated water. Figure-2 shows the schematic representation
of propeller shaft assembly.

114

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 5, Issue 1, January 2016
III. METHODOLOGY ADOPTED
A. Engine Details
Two main engines with controllable pitch propulsion system are used for propulsion. Two auxiliary engines are
used to drive generators. Main engines are having a displacement of 495inch3, which transmit a power of 105kW at
1800RPM.
B. Material Specification
Propeller shaft is made with EN1.4418 material, which has high strength, toughness, good weld-ability and good
resistance in slightly-moderately corrosive environments. These qualities make EN1.4418 to use for many
applications such as shafting, propeller bolting, water turbine parts, and equipment for hydro power stations etc.
The physical properties are density 7700kg/m3, modulus of elasticity 215GPa, thermal conductivity 15W/m0K,
specific thermal capacity 430J/kg0K and electrical resistivity 0.8Ωm.
Table-1. EN1.4418 compositions
Element
%
Element
%
C
0.03
Mn
1.5
Cr
16
Pb
0.035
Ni
5
S
0.015
Mo
1
N
0.02
Si
1
Fe
Balance
Table-2. Mechanical properties
Mechanical Property
Value
Tensile strength
950-1000N/mm2
Proof strength
Min 750N/mm2
Reduction in area
Min 40%
Elongation
Min 16%
Hardness
280-340HB

C. Problem Definition

Fig.3. Corrosion in propeller shaft

Fig.4. Deep pitting on bearing area

Crevice corrosion was observed on propeller shaft in bearing area due to ingress of sea water through failed or
partially failed seals. Fine sand particles would have also entered inside the seal area during vessel’s operations in
shallow water region. These sand particles act like an abrasive, in turn during prolonged use will wear the shaft.
The combined effects of corrosion and wear made the shaft to replace once in every two years. Figure-3 and 4
shows corrosion in propeller shaft.
D. Corrosion and Prevention Methods
Cathodic protection, Impressed Current Cathodic Protection and Lubricants Anti-corrosion Grease etc., are the
measures to minimize marine corrosion [2, 3]. Even in ships fitted with ICCP or sacrificial anode, propeller shafts
are vulnerable to corrosion. This is because propeller shafts are electrically insulated from hull by lubricating oil
film in bearings and by the use of non-metallic bearing materials in tail shaft.
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IV. SOLUTION TO MANAGE CORROSION EFFICIENTLY AT LOW COST
A. Design Criteria
Primary load carried by the drive shaft is torsion. Shaft must have enough torsional strength to carry torque without
failure [4]. Corrosion on the shaft reduces strength by two reasons. Directly it reduces cross sectional area, which
in-turn increases shear stress. Corrosion also creates uneven surface, which in-turn increases stress concentration
factor, thereby reducing life span of shaft. Equation 8 illustrates the relationship between Torque-T, Polar moment
of inertia-J, Shear stress-τ and Radius of shaft-R.
T τ
 --- (12)
J R

The relationship between Power-P, number of revolutions-N and Torque-T is given by;
2 πNT
Watts --- (13)
P
60

The shaft has to transmit a power of 105kW at 600RPM; substituting these values in equation 12; the shear stress
on shaft becomes,
T.R
= 601051000435324 = 24.97N/mm2 --- (14)
τ
J

2π600π (70  20 )

B. Metal Cladding
Cladding is covering of one material with another, is often achieved by extruding two metals through a die as well
as pressing or rolling sheets together under high pressure, which adds corrosion resistance to steel.
Procedure of metal cladding:
 Cleaning and degreasing using solvents.
 Apply a suitable release agent where cladding is not needed.
 Taking rough V groove in depth of 1/3 of thickness of pitting wherever worn out areas to be rebuilt.
 Apply metal clad on worn out surface with maximum thickness and leave for 24 hours curing time.
 Smooth machining till required uniform thickness is obtained.
The metal clad on shaft results in bond with following strength components; Compressive strength 92.7N/mm2,
Flexural strength 65.23N/mm2 and Shear strength 24.72N/mm2 etc. By comparing the strength of original shaft in
table-2 and from equation no-3 it is clear that metal cladding is not a feasible solution.
C. FEA Approach for Design Optimization
Quality of weld is decided by many parameters viz., Heat input, welding temperature, inter-pass temperature,
pre-heating temperature, welding current, voltage, type of welding, type, size and composition of electrode,
heat-treatment type so on. FE [5] approach is used for optimizing these parameters. Temperatures distribution at
weld section were determined, which in-turn decides the parameters such as the composition, phase, thermal stress
and strain and residual stress so on.
Strength of the shaft depends on thermal, electrical, mechanical and metallurgical parameters. Thermal,
metallurgical and electrical parameters were optimized by transient thermal analysis. Residual stress [6] is one of
the predominant factors that determine mechanical strength. Heat input (welding current and voltage),
heat-treatment decides the residual stress retained in a shaft. An analysis on residual stress indicate the strength and
there by the life of shaft. FE approach used for design optimization, virtual manufacturing, and testing saves cost,
time and efforts. The stress gradient near fusion zone is usually higher as compared to other areas, which leads to
cold cracks. By minimizing thermal stress through proper heat input results in minimal residual stress.
Shell element is taken for the present thermal analysis. Material properties viz., thermal conductivity, density,
specific thermal capacity, pre-heating temperature so on has given as input. Heat input is varied by changing the
travel speed of electrode and its effect on temperature distribution [7] in both fusion zone and heat affected zone
are studied. Heat input is optimized to get peak mechanical properties, since the shaft is subjected to a fatigue load
during its operation. Figure-5 shows finite element model of the shaft.
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Fig.5. FEA model of shaft

Fig .6.Nodal temperature of FE model

From present analysis, it is clear that the temperature at welding zone is 1650 0C. Melting point of Steel is 1538 0C.
Welding temperature is above melting point and it prevents excessive evaporation of molten metal. Temperature
distribution is shown in figure-6. It is clear from the analysis that proper fusion between parent metal and weld is
achieved by utilizing optimum heat input.
D. Clad Welding by MIG Process
MIG welding [8] on corroded area is an alternate solution to metal cladding, since EN1.4418 has better
weld-ability. Welding is done on corroded area post machining. A DC current with 225A and 25V is used with an
electrode of Ø 1.2mm. The electrode composition is given in table-3, which offers good weld-ability and a safety
against cracking. Equation 11 shows the relation between heat input-H [9], welding voltage-V, welding current-I
and welding speed-S (mm/min). The efficiency (ɳ) of MIG welding is usually 0.9.
Heat input H  V.I.60 .ɳ KJ/mm --- (15)
S.1000

A mixture of Argon (68%), Helium (30%) and Oxygen (2%) is used to protect the molten metal from atmospheric
contamination. Addition of Oxygen provides good arc stability and Helium will increase the energy of arc, in-turn
gives improved fluidity and wider weld. A gas flow rate of 14 litres/min is maintained for the current welding. An
Inter-pass temperature of 140°C is maintained [10] to minimize cracking, to maintain good wetting of molten pool
and to provide fine grain structure. Figure-7 and 8 shows prototype preparation stages.
E. Heat-treatment
Steel’s mechanical properties are largely determined by its microstructure, which in-turn is determined by its
chemical composition. Carbon is the key to obtaining a martensitic microstructure. With addition of certain other
alloying elements, strength of martensitic stainless steels [11, 12] can be enhanced through precipitation of
inter-metallic phases. In producing these precipitations hardening heat treatment must be carefully controlled. Post
cleaning, the shaft is pre-heated to 110°C to prevent any possible shrinkage [13, 14].

Fig.9. Portable heat-treatment oven

Annealing at 590°C for 4 hours followed by air cooling, increases the toughness, stabilizes the structure and
minimizes martensite. Grinding, brushing, polishing, blasting and pickling is done to remove defects, welding
oxide, organic and carbon steel contamination from weld and parent metal surfaces. Figure-9 shows heat-treatment
oven.
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V. TESTING
A. Fatigue Test
Due to oscillating load caused by waves, fatigue is substantial importance for metals in ocean application. Fatigue
[15, 16] is thought to begin at an internal or surface flaw where the stresses are concentrated and consists initially
of shear flow along slip planes. Fatigue strength of welded joint is dependent on components shape, welding
method and type of joint. Combined addition of chromium and nickel makes EN1.4418 capable of withstanding
108 cycles [18] with 350MPa stress in sea water and 10 8 cycles with 550MPa stress in air. Fatigue specimen is
prepared according ASTM E-468 standard and is tested in RR Moore fatigue testing machine [19, 20]. Figure-10
shows test fatigue specimen.
B. Shaft Straightness Test
Shaft linearity is one of the important aspects to be considered. Propeller shaft is used to transmit torque between
engine and propeller through gear box. In a bent propeller shaft, the axis of shaft is different from its axis of
rotation, which causes vibration, in-turn results in a premature wearing of bearings and seals. Bent shaft also causes
material fatigue, equipment vibration and shaft misalignment so on. It is important to do shaft straightness test
before it is reused, since the various thermal loads viz., welding heat, pre-welding and post weld heat treatment may
cause shaft bending.
Since heat straightening method may cause local hardening which results in hard spot and thermal cracking,
mechanical straightening method is used for the present application. It relaxes stresses in the material fibers that
initially caused shaft to bend. Shaft bend is typically measured in terms of total indicator reading. Straightness
tolerance of shaft ranges between 0.013- 0.083mm/m of length of shaft.

Fig.10. Fatigue test specimen

Fig .11 Machining and shaft straightening

Shaft is held between two centers of lathe and marked at regular intervals. Using dial indicator, note down the total
indicator reading. Shaft deflection is half the value of TIR. The highest deflection point is considered for shaft
straightening. The shaft is fixed in a press and highest deflection point is placed directly under the ram. Slowly
actuate the press and measure the dial indicator reading. This process is repeated until the desired shaft straightness
is obtained. Figure-11 shows the arrangement for shaft machining and shaft straightening.
C. Dye Penetrant Test
Penetrant sprayed to properly clean welding surface. Standard dwell time is maintained to allow penetrant to fill the
defect and excess penetrant is then removed. A white developer is then sprayed over welded area which draws
penetrant from defects out onto the surface to form a visible indication, which indicate the location, orientation and
possible types of defects on the welded surface. A visible light of 10 foot candles intensity was used after a one
minute development time to allow the blotting action to occur. Figure-12 shows DP test arrangement.
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Fig.12. DP testing of welded shaft

Fig.13. Shaft ready for reuse

D. Radiographic Test
To check presence of sub surface defects, a radiographic test was subsequently carried out. Welded specimen is
placed between source of radiation and film, in a light tight holder, and radiation is allowed to penetrate the part for
6 minute. The result is a two-dimensional projection of the welded area onto the film, producing a latent image of
varying densities according to the amount of radiation reaching each area. A developing time of 5 minute is used in
the current testing.
E. Fatigue Analysis of Shaft Testing by FEA approach
Apart from above mentioned non-destructive tests, a FE analysis of shaft using Ansys [21] is carried-out to
determine the fatigue strength. Tet 10node 187 solid element is used for the present analysis. Torsion load at shaft
end and other boundary conditions are specified as per the present condition. Resulting shear stress and strain at
different elements were analysed. Figure-14 shows a FE model of the shaft and figure-15 shows shear stress
distribution.

Fig.14. FE model of shaft

Fig.15. Shear stress distribution

VI. RESULTS AND DISCUSSION
Since shaft is a rotating member and it is not possible to do fatigue test on it, a prototype is prepared and tested to
find its life. The prototype didn’t break till 108 revolutions, which showed that perfectness of welding. DP showed
that welding is very much acceptable and confirmed surface quality of welding. From Radiographic test, it has
been proven that quality of welding is good. Sub surface defect are not found. Only fine defects were found which
is well within the acceptable limit. The repaired shaft has been used over a period of two years and performance is
satisfactory.
VII. CONCLUSION
Right approach to the problem really gives best solution; this is proved in our work too. Industry needs
transformation of innovative ideas into successful experiment. Fatigue specimen was rotated for 10 8 revolutions
and it didn’t fail. Non-destructive tests on the shaft confirmed the quality of weld. The takeaways of this successful
work are basically
 Task of managing effect of corrosion resulted in an innovative engineering solution to efficiently manage
corrosion.
 FEA analysis saves cost, time and efforts, in-turn useful for design optimization.
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The work was completed in about 15 days and consumed 10% actual cost of propeller shaft, which saved
huge cost and 6-8 months of lead time for import.
The cost towards prolonged dry-dock (due to import) is also saved.
Lateral thinking and application of prevalent tools to requisite situations is the norm. Similar work can be
done in future too.
The propeller shaft is reused in CRV Sagar Purvi and achieved original performance.
This procedure has been approved by third party surveyor from classification society IRS.
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