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Introduction 

Stainless steel is often used in rolled strips and sheets for many metal forming operations. The hot and cold 
rolled sheets are subjected to annealing treatment to relieve the internal stress and eliminate any anisotropy 
in the alloy. The anisotropic effects in strips or sheets are reported to be highly detrimental to. sheet 
forming and d.eep drawing operations (1,2). However, the annealing treatment must ensure that no 
recrystallized texture reappears after annealing. The anisotropic behaviour in cold-rolled as well as 
annealed sheel:s of high manganese austenitic stainless steels(AIS1 202 grade) has been recently in- 
vestigated considering tensile properties and microstructure (3,4). AISI 202 grade alloy exhibits higher 
strength to weight ratio than the values obtained in conventional austenitic stainless steel because of three 
percent lower density and around forty percent higher yield strength (1,2,5). Inspite of several outstanding 
properties of the 202 grade, the alloy is mostly used in low to medium duty applications because much 
of the information relating to formability characteristics, anisotropic behaviour, transformation kinetic and 
mechanism, fatigue and fracture strength, etc., are either not available or incomplete (1,2). This paper 
attempts to examine the effect of sheet orientation on the fracture mechanism in the annealed sheet of AISI 
202 grade alloy as an extension of earlier work (3). 

The results of microfractographic investigation are integrated to establish an empirical model of the 
fracture process in the alloy and explain the anisotropic effects in the ductility of the alloy as reported 
earlier (3). 

Exuerimental Procedure 

Cold rolled sheets of the alloy with a chemical composition of O.l2C, 6SOMn, 0.36 Si, 6.50 Ni, 15.70 Cr 
and 0.22 N2 were annealed in an industrial furnace maintained at 1025°C f 1O’C. Three sheet thicknesses 
were considered, namely 1.23 mm, 0.52 mm and 0.32 mm. Flat tensile specimens of width 12.5 mm and 
50 mm gage length were made from the respective sheets along four orientations as illustrated in Fig. 1. 
Details of experimental procedures are given elsewhere (3,4). Tensile tests were conducted at room 
temperature with displacement rate of one millimeter per minute. The fracture surfaces of the tensile 
specimens were examined under SEM to reveal the fracture mode. 
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0” 

Figure 1. Tensile specimen orientation in stainless steel sheet. 

Results of Microfractoeraohy 

Typical fractographs for different sheet orientations are displayed in Fig.2. The fracture modes as observed 
in general, may be described as follows: 

0” orientation : 
Fig.2(a) 

30” orientation: 
Fig.2(b,c) 

60” orientation: 
Fig.2(d) 

90” orientation: 
Fig.2(e) 

A large number of fine equiaxed dimples uniformly distributed; no directionality of 
dimples may be observed; some regions (5-10 percent). however, exhibit much larger 
voids which have resulted from growth and subsequent coalescence of smallvoids: 
interestingly each larger void is associated with inclusion stringers present in micro- 
structure. 

Fine equiaxed uniformly distributed dimples as in case of 00 orientation; more regions 
(25-30 percent) exhibit larger voids and interestingly void growth shows some direc- 
tionality unlike the previous case; each largevoid is also associated with inclusions. 

Almost similar textures as observed for 0” and 30” orientations; however, the growth 
and joining of voids appear to be more directional; individual voids tend to grow along 
a particular direction and coalesce with the neighbouring voids; dark regions represent 
inclusion stringers; void growth regions appear to be around 50 to 60 percent. 

Only 5 to 10 percent area shows fine equiaxed dimples around large voids which appear 
to have formed by the growth of voids and their coalescence along the direction of 
inclusion stringers; each large void may be seen to contain a stringer, growth and 
coalescence of voids resulting in dimples is irrespective of sheet orientation. 

Modellinrz and Discussion 

Results of fractographic investigation reveal that the basic mechanism of fracture in the alloy involves 
initiation, growth and coalescence of voids resulting in dimples irrespective of orientations. However, a 
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Figure 2. SEM fractographs showing the changes in fracture process with orientation. 

clear transition in these stages may be observed as sheet orientation changes from longitudinal to trans- 
verse (Fig. 1). The planes of macroscopic crack leading to final fracture in all the specimens found to be 
almost perpendicular to the gage length, i.e. to the direction of applied stress. Microstructural features as 
discussed earlier (3) were also found to be identical for all the sheet orientations, except the inclusion 
stringers. The rstringers illustrated in Fig.3 (a) may have different angular orientations to the direction of 
applied stress in different specimens. Inclusion stringers can act as mechanical fibers under the influence 
of external load (6). 



372 MODELLING OF FRACTURE PROCESS Vol. 34, No. 3 

Voids initiate as the stress reaches around maximum following large uniform straining irrespective of 
sheet orientations as shown in Fig.3 (b). With continued straining, the voids tend to grow in the direction 
of applied stress. However, the direction and extent of void growth and their coalescence appear to be 
influenced by the stringers. In case of 0” orientation uninterrupted void growth may be expected along 
applied stress as the interference from inclusions is minimum as shown in Fig.3(c). However, some 
interaction between the voids and inclusions allows only few voids to coalesce around inclusions (Fig.2 
a and 3 c). Further straining leads to the formation of microcrack which eventually grows into macroscopic 
crack to cause final fracture as illustrated in Fig.3(d and e). Minimum interaction between the voids and 
the inclusions explains the appearance of fme equiaxed dimples on the fracture surface (Fig.2 a). This also 
partly helps to explain the maximum ductility level in the case of 0” orientation as reported earlier (3). On 
the other hand the interaction effects between the voids and stringers may be expected to be maximum in 
case of 90” orientations. Void growth along the applied stress is highly restricted by the fibering action 
of inclusions. Under such situations voids responed to the external stress by growing along the inclusion 
orientation (i.e. normal to the stress) and tend to coalesce easily among themselves in that process (Fig.3 
c). Limited growth of voids resulting from maximum interference by the inclusions leads to an easier 
process of void coalescence, microcrack formation and final fracture along the inclusion orientation as 
illustrated in Fig. 3 d,e. Fewer fme dimples and more large voids (Fig. 2 e) explain the minimum level of 
ductility in the case of the transverse specimen (3). For intermediate orientations (0” < 0 < 90”), the 
interaction effect increases depending on the angular relation between the applied stress and inclusions 
(Fig.3). Void growth and the coalescence process along the applied stress tend to be increasingly difficult 
with 0. Void coalescence along the aligned inclusions is evident from Fig.2 (b-d). Propagation of micro 
and macro cracks tends to be easier as f_I increases (Fig.3). This also partly explains a decreasing trend of 
the ductility values with increasing sheet orientation in the alloy. The anisotropy effect on ductility level 
in the alloy has been found to lie in the range of 20 to 30 percent for the sheet thicknesses investigated (3). 

(i) B=O’ (loneitudinal orientation1 

(iii) d-90’ (transverse orientation) 

Recrystalliied grain Microvoid 
and inclusion orientation initiation 

(a) (b) 

Void coalescence 
and microcrack 

(d) 

Macroscopic crack 
leading to fracture 

(e) 

Figure 3. (a-e) Modelling of fracture process in annealed sheet of AISI 202 alloy. 
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Conclusions 

The angular relation between the inclusion stringers and the applied stress controls the process of void 
growth and coalescence in annealed sheets of AISI 202 alloy. Uninterrupted void growth before 
coalescence along the applied stress direction results in fine equiaxed dimples and maximum ductility for 
the longitudinal orientation. Restricted void growth leads to easy coalescence of voids along inclusions 
and minimum ductility values for the transverse orientation. Interaction effects between the inclusions and 
the voids tend 1:o increase with the angle of orientation. 

References 

1. R.A. Lula, Sl.ainless Steel, ASM (1986) 
2. A.N. Singh, Production, Fabrication Selection of Stainless Steel, Dolphin Books, New Delhi (1991) 
3. A.N. Kumar, submitted to steel Research (1995) 
4. A.N. Kumar and J. Amdt, submitted to Steel Research (1994) 
5. W.F. Hosford and R.M.Caddell, Metal forming - Mechanics and Metallurgy (2nd ed.) PTR Prentice Hall (1993) 
6. GE. Dieter, IMechanical Metallurgy, McGraw Hill Book Co (1988) 


