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ABSTRACT 

The strength and life of an alloy is the primary parameter taken into consideration while building hulls 

and superstructures for marine applications. Usually AA-7xxx is widely used for these applications and hence is 

chosen for the present investigation. Cast AA-7xxx alloy reveals distribution of soluble intermetallic compounds 

in the α-aluminium matrix. In order to improve the mechanical properties and condition the microstructural 

features, precipitation hardening (solutionizing and ageing) treatment was carried out by varying time and 

temperature. Ageing treatment was carried out at 120°C varying time interval. Thermo-mechanical treatment, in 

particular, cold rolling and cryo rolling(-190ºC) is a unique technique to produce super high strength aluminium 

alloys with elongated grained structure. In order to conduct the rolling at room temperature, the alloy ingot was 

rolled from 6mm to 1mm with 85% reduction in thickness. Detailed microscopic analysis was done using optical 

and electron microscopy to understand the phase and structural evolution during ageing. Evolution of coherent 

precipitates and their morphology were studied using transmission electron microscope. A potentio-dynamic 

polarization study was performed to evaluate the corrosion behaviour of AA-7xxx series aluminium alloy 

processed in 3.5% NaCl solution at different conditions. The aged, cold rolled and cryo rolled alloy is found to 

exhibit better corrosion resistance characteristics in comparison with other alloys.  

 

1.INTRODUCTION 

 

A material possessing desirable properties 

is the recent requirement in engineering 

applications. Light weight, formability and strength 

are the most important properties opted by the 

designer in the selection of a material for most of the 

advanced engineering applications. In specific, 

AA7xxx series alloys are widely used in aerospace 

applications due to their good specific strength, 

formability, resistance to various corrosive media, 

etc. [1-3], either soluble or insoluble in nature. It was 

proved that cryo rolling of aluminum alloys had 

resulted in ultrafine grains (UFG) with sufficient 

ductility. The cold rolling process cannot be used to 

produce UFG structure in AA7xxx alloys due to its 

high strength, poor ductility and high stacking fault 

energy. When the forming operation was carried out 

at room temperature, the quality of the surface of a 

final product was poor. It had been reported that the 

surface quality and improved ductility in high 

strength alloy could be obtained by conducting 

forming operation in the temperature range from 100 

to 400˚C [4-5]. Cryo-rolling has been established as 

one of the leading routes to produce nano-crystalline 

(NC) / UFG pure metals Cu, Al, Ni from its bulk 

counterparts by deforming them at cryogenic 

temperature. Wang etal.  

 

 

 

 

(2002) produced UFG structure of commercial pure 

Cu by cryo-rolling at the lower temperature 

compared to SPD method at ambient temperature 

[6]. Low-temperature aging treatment on cryo-rolled 

Al 7075 and Al 2024 alloy was carried out by Zhao 

et al. (2005) and Cheng et al. (2007), who obtained 

huge improvement of [7-8]. Aluminium alloys with 

secondary phases are susceptible to corrosion which 

was anodic in comparison to the matrix [9-10]. 

There are other factors which contribute corrosion in 

aircraft structures such as humidity, rain, 

temperature and salt water. Galvanic corrosion and 

pitting corrosion are common in aircraft structure in 

particular, marine environments [11]. Improvement 

in strength along with improved corrosion resistance 

for marine environment is beneficial for marine 

applications. However, Al-Zn-Mg alloys are 

susceptible to various forms of localized corrosion 

such as pitting, crevice, intergranular corrosion 

(IGC) and stress corrosion cracking in chloride 

environment. In addition to chemical composition, 

microstructure was considered to be a critical factor 

in deciding the corrosion behaviour of metallic 

materials [12-13]. Hence, the thermo-mechanical 

processed alloy was expected to differ in its 

corrosion behaviour when compared with 

unprocessed alloy. However, the correlation 

between the microstructure and corrosion behaviour 

was not well established. Bulk ultra-fine-grained 

high strength aluminium alloys were processed by 

severe plastic deformation (SPD) and cryo-rolling 

process Sivaprasad et al. (2010). These processes 

enhanced the strength with concomitant loss in 
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ductility. The ductility was restored by conducting 

appropriate short annealing Shanmugam sundram et 

al. (2006). X-ray photoelectron spectroscopy 

showed that the oxide formed in ambient conditions 

(e.g. 50% RH) was more hydrated on the AA7075-

T651 than AA7079-T651. Super-high-strength Al-

Zn-Mg-Cu alloy (C912) had been investigated Y. L. 

Wu et al (1997). Compared with some other high-

strength aluminum alloys, the C912 alloy exhibited 

higher strength and good stress-corrosion resistance 

and its specific strength was even higher than some 

Al-Li alloys.  

Keywords: AA 7xxx alloys, Precipitation 

Hardening, Cold rolling, Cryo rolling (-190ºC), 

Micro structure correlation, TEM analysis and 

Corrosion behaviour. 

2   EXPERIMENTAL PROCEDURE 

 

AA-7xxx (Al- Zn (5-6%) - Mg (1-3%) – Cu 

(1-2%)) alloy billet was prepared by casting process 

parameters. A sample for rolling was cut from the 

billet. The sample size of 30mm × 30mm × 6mm 

was used for rolling and followed by cold/cryo-

rolling. The alloys were multi-pass rolled from 6 

mm to 1 mm with 85% reduction in thickness shown 

in Fig. 1. The TEM samples were prepared from the 

rolled alloy to the size of 1cm x 1cm x 1mm. The 

sample was further polished and manually thinned 

up to 100µm with the help of disc polishers using 

80-1800 grade polishing papers. Polished samples 

were further thinned by ion-milling. TEM 

investigation was carried out on rolled alloy by using 

JEOL 3000F TEM, working at 300 kV. Corrosion 

behaviour of the alloy was evaluated by electro-

chemical method (Galvano Potentiodynamic 

polarization) by using 3.5% NaCl solution as 

corrosion medium to understand the corrosion 

behaviour of alloy such as cast, precipitation 

hardened (T6) and thermo-mechanical treated alloy. 

Surface morphology of the corroded sample was 

evaluated with the help of scanning electron 

microscopy.  

Fig-1:   Photograph of rolled AA 7xxx alloy 

In processing condition 

 

3 RESULTS AND DISCUSSION 

 

Figure 2 shows the optical micrographs of 

Al–12Zn–3Mg–2.5Cu alloy in three different 

conditions. Cast Al–12Zn–3Mg–2.5Cu alloy reveals 

α-Al matrix and complex intermetallics Al6CuMg4, 

CuAl2 and MgZn2 and Al2CuMg by non-equilibrium 

solidification. The intermetallic compounds are 

predominantly segregated along the grain 

boundaries which are brittle in nature and 

significantly affect the mechanical properties of 

casting (fig. 2a). 

 

 
Fig-2:  Microstructure of AA 7xxx alloy a) Cast b) 

Room temperature rolling and c) Cryo-

rolling (-190˚C). 

 

Microstructures of high alloy containing 7xxx series 

aluminium with different conditions (solutionized 

and aged) are shown in fig. ((2b) and (2c)). The 

soluble compounds are dissolved in α-aluminium 

matrix during solutionizing treatment. However, 

there are some undissolved compounds in the 

matrix. The microstructure of peak aged alloy shows 

undissolved compounds and optically unresolvable 

fine precipitates. 

TEM micrographs of cold rolled AA 7xxx alloy both 

the soluble and insoluble intermetallic compounds 

are distributed in the matrix shown in fig. 3a. The 

size of the certain compounds is approximately 100 

nm, and they are distributed uniformly in the matrix. 

The reduction in size and the distribution of 

compounds are attributed to the combined effect of 

cold rolling.  

 
Fig-3: TEM micrographs of AA7xxx alloys, a) 

Room temperature rolling b) Cryo-rolling (-

190°C). 

During rolling, the segregated compounds are 

fractured and redistributed in the matrix. Further, 

cold rolling refines the compounds into ultrafine 

nanoscale compounds. The cryo rolled AA 7xxx 

alloy has high dislocations density which leads to 

formation of low angle grain boundaries in the 

grains fig. 3b. 
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Table-1: Ecorr and Icorr Values of different conditions 

Conditions  Ecor  

 (V)  

Icor  

 (µA)  

Corrosion 

rate (mm/y)  

AA- 7xxx -997  2.571  0.73 

Solutionized 

(450ºC-2h) 
-893  3.32  0.46  

Aged 

(120°C+12h)   
-862  8.73  1.21 

Cold rolling   -880  12.08  1.52  

Cryo rolling 

(-190ºC)   
-874  15.49  1.66  

 

The Ecorr and Icorr values are obtained from the 

respective polarization curves using Tafel 

extrapolation method are shown in Table 1. 

Solutionized sample shows very good corrosion 

resistance comparing to cast and aged, because the 

solutionized alloy has less amount of un-dissolved 

compounds. Corrosion rate of solutionized alloy is 

0.46 less than that of cast alloy which contains both 

soluble and insoluble compounds. The rate of 

corrosion in cast and aged alloy is approximately 

0.73 and 1.21 respectively. These results clearly 

indicate the influence of secondary compounds, 

their size and distribution on corrosion behavior of 

the alloy. In particular, the grains of solutionized 

alloy have different chemical composition due to the 

super saturation of major alloying elements. The 

galvanic nature of this alloy is also getting changed 

upon modifying microstructure. 

Corroded surface of AA 7xxx alloy is exhibited in 

Table-1. The severity of corrosion is observed from 

the micrographs of cast sample shown in (Fig. 4a), 

which is in good agreement with potentio-dynamic 

polarization (PDP) curves. The appearance of the 

large corrosion pits is a representation of the 

corroded aluminum matrix, implying the serious 

corrosion for the studied alloy. It can be found that 

the aging temperature has a significant influence on 

the electrochemical corrosion resistance of the 

studied AA 7xxx alloy. For the cast alloy, the surface 

is seriously corroded and the corrosion pits are large 

as shown in fig. 4. a. For the aged alloy, the density 

of corrosion pits decreases, as shown in fig. 4. c. It 

indicates that the corrosion resistance has been 

enhanced by aging processing. Form fig. 4. c, it can 

be detected that the alloy is less corroded and the 

density of small corrosion pits is very small, when 

the T-6 treated alloy. Corroded surface of 

solutionized alloy is shown in fig. 4. b. It can be 

detected that the alloy is very less corroded; the 

density of small corrosion pits is very small and 

observed the surface formed the undissolved 

compounds.   

 
Fig-4:  SEM micrographs of corroded surface of AA 

7xxx alloy a) As Cast b) Solutionized and     

c) Aged 

The corrosion rate of cold rolled, and cryo rolled at 

-190˚C is 1.52 mm/y, respectively in Table-1. 

Corrosion rate of T6 alloy and room temperature 

rolled alloy is more or less similar. In T6 condition, 

the structure consists of coarse grains with nano-size 

soluble precipitates where as in room temperature 

rolled alloy, the structure possesses strained grains 

in finer scale with fractured secondary compounds. 

Albeit the T6 alloy has coarser and strain free grains, 

the rate of corrosion is almost equal to the cold rolled 

alloy. It is mainly attributed by presence of nano-

size coherent compounds. The trend is very severe 

when the grain size and compounds are reduced to 

ultra-fine size by cryo rolling, adversely affected the 

corrosion resistance. The higher Icorr values of the 

cast alloy sample indicate their poor corrosion 

resistance compare to thermo mechanical treated 

aged and rolled alloys observed SEM images fig.5a 

and fig.5b.  

 

 
Fig-5:  SEM Corrosion surface of Al-12Zn-3Mg-

2.5Cu  alloys, a) Cast, b) Cold rolling  

 

4 CONCLUSIONS 

 

1. AA 7xxx cast alloy shows coarse intermetallic 

compound, both soluble and insoluble, 

homogeneously distributed throughout the matrix 

and grain boundaries 

2. Precipitation behaviour of AA 7xxx alloy is a bit 

sluggish due to the presence of insoluble 

intermetallic compounds which delay the 

solutionizing of soluble compounds and evolution of 

fine precipitates during ageing.  

3. Corrosion mechanism is predominantly galvanic 

in nature. The severity of galvanic behaviour is 

dependent on structural features such as composition 

of the matrix grains, grain size, secondary 
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compounds and their size & distribution, structural 

homogeneity, structural defects, etc 

4. The alloy with the combination all the above 

severely degrade the materials in prescribed NaCl 

solution. Solutionized and aged alloy have offered 

good corrosion resistance than that of other 

processing conditions. 

5. The corrosion rate of high strength AA 7xxx alloy 

processed by cryo-rolling (-190˚C) is four folds of 

cast alloy and eight folds of solutionized alloy. 

Synergistic effect ultra-fine-grained structure, 

nano/sub-micron size secondary compounds and 

improve plastic strain is adversely affected the 

corrosion resistance, the alloy for the given 

conditions. 
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ABSTRACT 

A moonpool is meant for access to the underwater part from the onboard ship. It is a vertical opening along with the 

depth having an effect on the performance of the floating platform. The water motion inside the moonpool of a drillship 

is mainly in horizontal sloshing mode and vertical piston mode. This water motion in horizontal or in vertical mode 

mainly depends on the cross-section of the moonpool, encountering wave, vessel draft and so on. This water particle 

motion increases the vessel response when it is aligned with the vessel’s motions. A drillship with rectangular 

moonpool is considered for the study and the performance of the moonpool evaluated for various heading angles. The 

effect of water motion inside the moonpool is reflected as peaks when compared with the normal hull. The effect of 

moonpool on the ship motion with forward speed is also attempted in this paper.  

  

 

1 INTRODUCTION 

 

In the case of a drillship, hull structure and the 

propulsion units are similar to that of other ocean-

going ships, moonpools, drilling equipment 

differentiate the drillship from other ships. 

The moonpool opening plays a major role in vessel 

motions. Particularly heave and surge motion of the 

drillship are affected when the vessel in operation 

condition.  Because a large quantity of water mass 

enters into the moonpool and the water motion mainly 

depends on the geometry of the moonpool. Also, a 

large quantity of water may enter on to the deck as 

green water. This water entry creates an 

uncomfortable situation for the crew members who 

work on the ship. 

 Keywords: Moonpool, Piston mode, Sloshing mode, 

Response Amplitude Operator(RAO), Water flux, 

Water motion, Downtime, 

NOMENCLATURE 

 

mij-Body inertia matrix including moments of inertia 

for rotational modes. 

Aij-Added mass coefficient matrix.  

Bij-Damping coefficient matrix. 

Cij-Restoring force coefficient matrix.  

Fi- Exciting force and moments. 

Xj-Amplitude of the body motion. 

 

1.1 Scope of Work 

 

The water motion inside the moonpool is a greater 

issue in drillship. This water flux creates an impact on 

vessel functions when rough weather conditions. It 

may lead to the ship's downtime. This study is 

conducted to find the impact of water motion both in 

operating condition and forward speed condition. For 

that, the response of drillship carried out through 

numerical study and it is compared with the bare hull 

results. In particular heave response and surge 

response of the drillship were evaluated. 

 

2 MATHEMATICAL MODEL 

 

2.1 Coordinate System  

There are two right-hand coordinate systems that are 

considered defining the position. The first one is the 

global coordinate system O0-X0Y0Z0 with positive Z0 

towards downwards and the second one is ship body-

fixed coordinate system O-XYZ which is parallel to 

the global coordinate system. The origin is located on 

the free surface along the center of gravity of the ship. 

In figure X1, X2, X3 are the linear surge, sway and 

heave motions: X4, X5, X6 are the roll, pitch and yaw 

motions.                      

 
Fig- 1:Coordinate system 

 

2.2 Equation of Motion of the Ship  

 


