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ABSTRACT

Ascast 13/4 steel (CA6NM) finds wide application in hydroturbine under-
water parts, which got eroded dueto silt erosion and cavitation erosion. The
cavitation erosion is highly depending on microstructure and mechanical
properties. Nitrogen strengthened austenitic stainless stedl (21-4-N steel) in
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as cast condition has been investigated as an alternative to 13/4 steel to
overcome the problems of cavitation erosion. The results of vibration cavi-
tation erosion tests show that 21-4-N steel is more cavitation erosion resis-

tant than 13/4 steel.

INTRODCUTION

Cavitation isaphenomenon of formation and col-
lapse, withinliquid, of cavitiesor bubblesthat contain
vapour or gasor both of them. The collapsing of the
cavitieson thematerial surface exertshigh pressure,
causing damage¥l. Cavitation erosionisausua dam-
age phenomenon in flow-handling parts of hydraulic
turbines, and theservicelifeand capability of such parts
arereduced by thedamagée?. Thecast martensitic chro-
mium nickel stainlesssted (13/4 martensitic stainless
steel) has wide application areas in hydro turbines,
pumps and compressors. Thisisbecause of itsgood
mechanical propertiesand corrosion resistance. The
current trend of using smaler and faster hydraulic ma:
chinery with high pressure head haslead to cavitation
erosion damages®. The cavitation erosion resistance
of analloy dependson many materia properties, espe-
cialy thosethat promotethe binding of the cavitation
energy to the structure“®. Most researchershave cor-
related the cavitation eroson res stance of materialswith
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structure, hardness, work-hardening ability,
superelasticity and superplasticity, or strain induced
phasetransformation, etc.*9. Inthisinvestigationit was
decided to explorethe cavitation erosion behaviour of
anitrogen strengthened austenitic stainlesssted (21-4-
N stedl) in comparisonto 13/4 stedl, whichisbelieved
to have higher hardness, high work hardening ability
and may find application in hydro turbine under water
parts.

EXPERIMENTAL

Cast 13/4 steel and 21-4-N stedl wereused inthis
investigation. The chemica composition (wt %) of the
abovealloysaregivenin TABLE 1. Long bars of 40
mm x 40 mm cross section werereceived from M/S
Star Wire(India) Ltd. Ballabhgarh (Haryana). Speci-
mensfor metall ographic examination, tensletests, im-
pact tests, hardness test and cavitation erosion tests
were machined from these bars. The microstructures
of boththested isgiveninfigure 1.
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TABLE 1: Chemical composition of 13/4 and 21-4-N stedl (wt %).

Steel C S Mn Cr Ni S Cu Co P Mo Fe
13/4 0.06 074 116 1314 3.9 0.014 0.088 0.035 0.015 0.61 Bal.
21-4-N 056 025 990 2342 428 038 0.001 0.16 0.06 0.041 Bal.

Figurel: Microstructuresof (a 13/4 martensitic stainless
steel and (b) 21-4-N nitronic stedl
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Figure2: Cumulative CE masslossasafunction of timefor

thesteelsin distilled water

Figure 1 showsthe microstructures of 13/4 steel
and 21-4-N stedl in ascast condition. Themicrostruc-
ture of 13/4 stedl consists of packets of very fine,
untempered |ath/martensitic needles. Apart from these
packets, the structure exhibitsasecond phase, whichis
o-ferrite. Theascast 21-4-N sted, whichisanitrogen
strengthened austenitic stainlesssted havinglow Ni and
higher concentration of C possesses predominantly aus-
tenitic phase along with the precipitates of carbides.
Dueto higher concentration of N and possesses high
C:Crratiothe carbide precipitated in 21-4-N stedl has
may beM_C, carbides. In the microstructural exami-
nation of thisstedl, the massive coreof carbides (dark
portion) issurrounded by eutectic of austeniteand car-
bide.

TheVickershardnessnumbers (VHN) wasdeter-
mined usingVickershardnesstester at 30kg load. The
tensiletestswere performed on cylindrical specimens
at room temperature by using acomputer controlled
HT Houndfidldmachineasper ASTM standard (ASTM:
E 8M-03). Impact testswere carried out on standard
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Figure 3: Scanning ectron micrograps of (a) 13/4 steel
and (b) 21-4-N sted after 32 hrsof cavitation erosion test
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Figure 4 : Profile of microhardness vs. depth on a cross-
section of the steelsafter cavitation erosion of 32 hrs
Charpy V-notch bars at room temperature in accor-
dancewith the ASTM standard (ASTM : E 23-96).
The mechanical propertiesof 13/4 steel and 21-4-N
sted aregivenin TABLE 2.

TABLE 2: M echanical propertiesof 13/4and 21-4-N steel

Impact

Hardness YS UTS Ductility
Steel - yHN) E’Er)gy (MPa) (MPa) (% o)
13/ 305 64 899 930 14
21-4N 320 9 466 676 17

The specimensfor the cavitation testswere pre-
pared using diamond cutter to a dimension of
10mmx10mmx3mm. Thespecimenswerepolished on
belt, 1/0, 2/0, 3/0, 4/0 and finally on cloth wheel, and
the carefully cleaned and weighed to an accuracy of
0.1mg before and after thetests. The hydrodynamic
cavitation eros on behaviour of the studied alloyswas
investigated with an ultrasonic vibration test devicein
distilled water at room temperature. The equipment
consists of Zirconatetitanate transducer element that
producesaxia oscillationsat thetip of an attached horn
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velocity transformer. The sample holder was placed
coaxidly withasmall gap of 0.5mm, and thewidth of
the gap wasdetermined by referringtotherel ated stan-
dard™. Inthetest, vapour filled bubblesare created in
the gap during the upward motion of thetip, forminga
cavitation zone. Thiszone collapses during the subse-
guent downward motion of thetip, causing cavitation
erosion at the specimen surface. Theultrasonic vibra-
tion test device had afrequency output of 20kHz anda
power output of 250WV.

RESULTSAND DISCUSSION

During the cavitation erosion tests of 32 hrs, the
specimenswereexamined a 4hrsintervasat whichthe
welight losswas measured. Figure 2 showsthe cumula-
tive mass|oss versus cavitation duration of thetested
steels. The21-4-N steel exhibitshigher cavitation re-
sistance aswell aslonger incubation period than the
corresponding valuesof 13/4 stedl.

Figure 3 shows scanning el ectron micrographs of
eroded surfaces of thetested stedls, after 32 hrsof vi-
bration cavitation erosion testing. Becausethe micro-
structure of 13/4 steel ismartensiticlathes, the defor-
mationisrestrained in martensitelathings after cavita:
tion erosion. Sincethe material isremoved fromthe
surface of 13/4 stedl as cavitation erosion damage goes
on, theshape of martensitelathingsinfigure 3aisnot so
clear asthat in figure 1a. Theferrite content of 13/4
steel eroded faster as comparison to martensite, the
deeper dark portionin Figure 3aindicatestheremova
of ferrite. In contrary to 13/4 stedl, the cavitation ero-
sion damagemorphol ogy of nitrogen strengthened aus-
tenitic stainlessstee s (21-4-N stedl) isdifferent dueto
itsaustenitestructure. Thedamage developsmainly at
theaugtenite carbidegrain boundaries (Figure 3b). The
figure 3breved sthat thedip linesappear in austenite
grans.

The cavitation erosion resistance of 21-4-N steel
isthe highest in spite of itslowest impact energy than
that of 13/4 stedl; however, it hashigher hardnessand
ductility. The cavitation erosion resistance of materids
isusually dosdy connected with their microstructure?.
The process of materia removal from eroded surface
of 13/4 stedl showninfigure 3aindicatesthat theplas-
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tic deformation of martensitelathingsisrestrained by
their boundaries.

Cavitation erosion performanceof 21-4-N stedl is
different fromthat of 13/4 stedl duetoitsaustenitemi-
crostructure. During cavitation erosion processthema:
terial removal took placeintwo ways. First the mate-
rial isremoved from the austenite and carbide grain
boundaries, and second, dip linesappear inthe auste-
nitegrains, and material isremoved fromdiplinesin
austenite grainsby ductilefracture mode (Figure 3b).
No martensitic transformation occursin 21-4-N sted!
under heavy impact of microjets, becausethe higher
concentration of N (0.38 %) significantly enhanced the
audeniticstability.

Theaudteniticgradesof sedsusudly owetheir wear
resistancetotheir work hardening characteristics™®. De-
velopment of wear res stant Hadfield stedl, for example,
isprimarily based onitssdf work hardening character-
istics. Inthiscontext themechanism of high cavitation
eroson resistance of the 21-4-N stedl can beexplained
by itswork-hardening. Itisgenerally known that phase
transformation during cavitation erosion process such
asgtrain-induced martengitic transformation can absorb
cavitation microjet impact energy!”9. Asaresult, it can
Improve cavitation erosion resistance of materials. N
and Mn elements can stabilize austeniteand improve
the deformation strengthening ability of thested §1Y, so
martensitic transformation isrestrained. Based onthe
microhardness changeafter 32 h of cavitation erosion
(Figure4). Itisassumed that the surface microhardness
increases because of work-hardening whenthe surface
isimpinged by microjets. In thecourse of cavitation
erosion process, themicrohardness of eroded surface
reaches amaximum and decreases as cavitation ero-
sioniscontinued. W.Liu et a.[® have explained the
changein microhardnessasforming and transferring
modeof high hardnesslayer inastableaustenite of Cr—
Mn-N steels. The microstructure of 21-4-N steel is
augtenitic, and after cavitation erosion, itsmicrohardness
increases due to austenite work-hardening, then de-
creasesin result of crack initiation and propagation.
Thusthehigher cavitation erosion resistance of 21-4-
N sted should beattributed toits, high hardness coupled
with ductility, highwork hardening ability and forming
and transferringmodeof high hardness|ayer.
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CONCLUSIONS

Inview of theresults obtained sofar, the 21-4-N
gted ismorecavitation erosion res stant thanthat of 13/
4 sted, dueto austenitic sructure, higher hardnessand
ductility, highwork hardening ability and forming and
transferring mode of high hardnesslayer. In thiscon-
text, wecan say that 21-4-N steel can be agood sub-
stitutefor 13/4 stedl for thefabrication of under water
partsof hydraulicturbines.
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