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Abstract

The low-cycle fatigue behavior of three titanium alloys (including two wrought alloys that
are commercially available and one under development via a powder sintering technique)
is described in order to assess the relative capabilities of a fourth, novel proprietary alloy,
designated as RR11. Despite relatively increased levels of beta stabilization, each alloy
remains within the general alpha–beta microstructural category and could be considered
as an engineering alternative to the well-established Ti-6Al-4V. The relationships between
fatigue behavior, microstructure, grain morphology, micro-texture, and alloy chemistry are
explored. Emphasis is placed upon the potential cold dwell fatigue sensitivity of the
four alternative alloys, which is particularly pertinent since it was recognized that
Ti-6Al-4V can suffer from cold dwell-related behavior subject to selected thermo-
mechanical processing.

Keywords: titanium alloys; low-cycle fatigue; dwell fatigue; micro-textured regions;
microstructure

1. Introduction
The global development of titanium alloys has been closely tied to the evolving

demands of the aerospace industry. Their high strength-to-weight ratio across ambient to
intermediate temperatures has enabled their widespread use in aeroengine components,
including compressors, containment structures, and fan assemblies [1]. More recently,
titanium alloys have also been employed in the manufacture of integrally bladed discs
(blisks) [2]. In such applications, alpha–beta (α/β) titanium alloys are typically used, as
their dual-phase microstructures can be tailored through thermo-mechanical processing to
meet specific performance requirements. The resulting microstructure, together with the
crystallographic texture, has a critical influence on the mechanical behavior [3–5].

Among these alloys, Ti-6Al-4V (Ti-6-4) remains a cornerstone of aeroengine design,
owing to its balance of strength, fatigue resistance, and formability. Specific microstructures
can be manipulated through various processing routes, making it highly adaptable for
different applications. However, as performance requirements in modern engines increase,
the mechanical capabilities of existing alloys, including Ti-6-4, must also evolve, particularly
in relation to fatigue resistance under complex loading conditions.

One persistent concern for titanium alloy components is their susceptibility to cold
dwell fatigue, particularly when operating under high mean stress conditions in rotating
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parts such as compressor discs [6]. This issue first emerged in the 1970s following failures
involving near-α alloys such as Ti–6Al–5Zr–0.5Mo–0.25Si (IMI 685), prompting the shift
towards the α/β alloy Ti-6-4 [6]. The relatively finer grain size of Ti-6-4, when compared to
near-α alloys such as Ti-5.5Al-3.5Sn-3Zr-1Nb-0.25Mo-0.3Si (Ti-829) and Ti-6Al-5Zr-0.5-Mo-
0.25Si (Ti-685), was thought to alleviate the extent of planar slip [7,8]. However, selected
studies from the late 1980s onwards revealed that Ti-6-4 could also exhibit dwell sensitivity,
particularly when coarse lamellar microstructures were present [9].

More recently, comprehensive research investigations [10,11] have demonstrated that
Ti-6-4 is also dwell-sensitive when processed into a bimodal microstructure subject to
the presence of micro-textured regions (MTRs), clusters of α-phase grains with a common
crystallographic orientation. Identified through the early adoption of electron backscattered
diffraction (EBSD) techniques [12], MTRs act as single, effective structural units (ESUs)
during fatigue loading [13], increasing continuous slip plane lengths, promoting crack
initiation, and facilitating accelerated crack growth [14]. The role of the transformed
β phase is also important in bimodal microstructures, since the finer scaled, secondary
α phase evolved within may inherit orientations that align with the primary α phase due
to Burgers orientation relationships (BORs) [15]. The presence, size, and intensity of MTRs
are highly dependent on the thermo-mechanical processing route [16].

The dwell fatigue mechanism, involving a sequence of dislocation pile-up at barriers
such as grain or phase boundaries, followed by stress redistribution (commonly referred to
as load shedding), is time-dependent and exacerbated by extended periods of loading at
relatively high stress. This phenomenon causes “weak” grains (those where the c-axis of
the hexagonal α phase is inclined to the applied stress) to transfer stress to neighboring
“strong” grains, which would normally be considered less favorably oriented for slip on
the basal plane (i.e., their c-axis is parallel to the applied stress) [17]. As a result, slip and
crack initiation can occur in the strong grain, on or close to the basal {0001} plane [18] and
oriented nearly perpendicular to the principal applied tensile stress axis. These effects are
particularly pronounced in bimodal α/β microstructures, where the dislocation activity
is only partially hindered by phase boundaries [16]. Fractography demonstrates that
dwell-related fatigue failures are often associated with the presence of quasi-cleavage
facets, which initiate on the basal plane of individual primary α grains [18]. It must be
emphasized, however, that dwell failure and faceting are not an exclusive relationship.
Facets are a naturally occurring feature of all near-α and α/β titanium alloys subjected
to fatigue conditions, irrespective of the loading waveform. They are even formed under
static, time-dependent creep loading at ambient temperatures.

Beyond Ti-6-4, other well-established alloys, such as Ti-5.8Al-4.0Sn-3.5Zr-0.7Nb-0.5Mo-
0.35Si (Ti-834) [19] and Ti-6Al-2Sn-4Zr-2Mo (Ti-6242) [20], have also shown dwell sensitivity
when employed in specific microstructural states. Conversely, more recent alloys, like Ti-
6Al-2Sn-4Zr-6Mo (Ti-6246) [21], Ti-3.9V-0.85Al-0.25Si-0.25Fe (Ti-407) [22,23], and Ti-5.3Al-
7.7V-0.5Si-0.25Fe-0.18O (Ti-575) [24–26], have demonstrated greater resistance to dwell
fatigue through precise thermo-mechanical processing, chemistry, and microstructure
control. The formation of MTRs and their effect on fatigue performance remain strongly
influenced by factors such as β-stabilizing elements, billet processing, forging steps, and
final heat treatment [16].

Our recent interest has focused upon a range of α/β titanium alloys that offer various
processing and/or mechanical property improvements relative to Ti-6-4. One line of
investigation has been to evaluate the effect of increased β-phase stabilization, improving
the hot working characteristics via a reduction in the β transus temperature and ultimately
eliminating the formation of MTRs where possible.
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One outcome of this research has been the development of a novel proprietary alloy
(designated as RR11), currently under patent application [27]. The present paper will
specifically demonstrate the fatigue capability of RR11 under low-cycle fatigue (LCF) and
dwell waveform conditions. Data will be compared to two relatively new, cast and wrought
α/β alloys that also offer greater β stabilization. Subject to commercial sensitivity, these
alloys are simply referred to as Alloy A and Alloy B, however, both were melted and
processed on an industrial scale. In addition, comparisons will also be made to alloy
Ti–5.5Al–4.5V–2.5Mo–1.5Cr. (S23) [28], a contemporary developmental alloy that was
processed via a powder route, i.e., Field-Assisted Sintering Technology (FAST). The current
findings should provide a basis for further forms of experimentation and potential alloy
down-selection in the future.

2. Experimental
Fatigue data were generated under room-temperature LCF and dwell LCF loading

conditions using four different alloys.

2.1. Alloy Chemistry

The precise chemical composition of S23 is available in previous studies [28–30].
Compared to Ti-6-4, each alloy contains a higher proportion of β-stabilizing elements,
although they remain under the general α/β classification. Unfortunately, we are unable
to release the full compositional details of alloys A and B or those of the novel RR11 alloy
while it remains under patent application. Instead, the total aluminum equivalent content
(i.e., % of alpha-stabilizing elements) and molybdenum equivalent (beta stabilizers) in the
four alloys under mechanical assessment are illustrated in Figure 1 and compared to Ti-6-4.
Notably, Alloy B offers the highest α stabilization. RR11 contains relatively low levels of
α-stabilizing elements.

 

Figure 1. Aluminum and molybdenum equivalent contents of Ti-6-4, adapted from [29] compared to
the four alloys under evaluation.

2.2. Material Processing

Alloy A was vacuum arc remelted–vacuum arc remelted (VAR-VAR) and then thermo-
mechanically worked down to a 100 mm diameter bar and cut to 300 mm in length. Bars
were hammer-forged (parallel to the longitudinal axis) at 885 ◦C. The subsequent pancakes
were then solution heat-treated at 885 ◦C for 1 h and water quenched before being annealed
at 700 ◦C for 2 h and air-cooled to room temperature.
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Alloy B was plasma arc remelted (PAM)-VAR and thermo-mechanically worked down
to a 100 mm diameter bar and cut to bars of 300 mm in length. Bars were forged (parallel
to the longitudinal axis) at 900 ◦C. A final heat treatment at 760 ◦C for 2 h was applied,
followed by air cooling.

A disc of S23, 250 mm diameter × 20 mm thickness, was produced via the FAST
sintering process, combining a blend of Ti-6-4 and Ti-5553 powders [28]. Consolidation
was performed at 1200 ◦C for 60 min. An initial heating rate of 50 ◦C/min was used and
then reduced to 25 ◦C/min for the last 150 ◦C to avoid overshoot. The alloy was then
slow-cooled at a cooling rate of 10 ◦C/min above the β transus.

RR11 was induction skull melted (ISM) and centrifugally cast (CF) into 60 mm diameter
molds. The ingots were then cut into semi-circular profile bars and then flat-rolled at 860 ◦C.
These were then heat-treated at 860 ◦C for 6 h and cooled to room temperature using
vermiculite cooling. The bars were aged at 600 ◦C for 2 h and cooled to room temperature
using vermiculite cooling.

The microstructures of each alloy are illustrated in Figure 2, with the various thermo-
mechanical processes (relative to the alloy-specific β transus temperature) illustrated
schematically in Figure 3.

 

Figure 2. Microstructures: (a,b) Alloy A, (c,d) Alloy B, (e,f) S23, and (g,h) RR11.



Metals 2025, 15, 1274 5 of 14

Figure 3. Illustration of the primary processing routes for (a) Alloy A, (b) Alloy B, (c) S23, and
(d) RR11.

2.3. Microscopy and Electron Backscatter Diffraction

Imaging, EBSD, and energy-dispersive X-ray (EDX) analyses were performed on a
Hitachi SU3500 scanning electron microscope in conjunction with AZtec HKL version
5.1 software.

2.4. Mechanical Testing

Cylindrical test specimens, as shown in Figure 4a, were employed for monotonic
tensile testing, while the geometry shown in Figure 4b was used for all LCF and dwell cycle
fatigue testing (DLCF). Alloy A and Alloy B specimens were taken from forged pancakes,
with their longitudinal axis taken from either the original bar stock longitudinal axis or
the transverse direction. RR11 specimens were taken from a unidirectionally (UD) rolled
plate in the longitudinal direction. The S23 specimens were extracted in a radial orientation
relative to the flat disc.

Figure 4. (a) Tensile and (b) fatigue specimens employed for mechanical testing.

All room-temperature tensile tests were performed in accordance with BS EN
2002-1:2005 [30]. All LCF and DLCF tests, performed in accordance with ISO 1099:2006 [31],
were conducted at room temperature under load control and an R ratio of 0.1. The LCF
waveform comprised a 1 s linear rising ramp, 1 s hold at peak load, 1 s linear off-load,
and 1 s hold at minimum load (i.e., a 1-1-1-1 trapezoidal waveform). All DLCF tests also
employed a trapezoidal waveform but encompassed a 60 s hold at peak load (1-60-1-1
trapezoidal waveform). Due to limitations in the volume of material available, only a
limited number of specimens were available for testing. Hence, specific applied peak
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stresses were targeted (based on the % of yield stress and prior laboratory experience),
where it was expected that dwell debits would be exhibited if an alloy was susceptible.

3. Results
3.1. Microstructure

Determining the average grain size in this class of alloy can be difficult due to the
variable morphologies resulting from the thermo-mechanical processing route applied.
The mean linear intercept (MLI) method was used to determine the average grain size in
this study. The MLI was determined by counting the number of grain boundaries that
intercepted a straight line or the number of lines of known length. Approximately 100 grain
boundaries were sampled for each alloy in order to gain an accurate representation of the
average grain size. A comparison of key microstructural features is tabulated in Table 1.

Table 1. A comparison of key microstructural features.

Microstructural Features

Alloy Microstructure
Description

Average Prior β
Grain Size (µm)

Average Primary α
Grain Size (µm)

Average Primary
α Content (%)

Grain Boundary
α

Alloy A Bimodal - 13 24 Yes

Alloy B Bimodal - 13.5 43 No

S23 Lamellar 510 - - Yes

RR11 Bimodal >500 6 24 No

Alloy A displayed a bimodal microstructure, with primary α grains contained in a
transformed β matrix (Figure 2a,b). The alloy was found to have an average primary α

grain size of ~13 µm in diameter and a primary α content of ~24%. The microstructure
often illustrated regions of continuous grain boundary α (GBα) (Figure 2b).

Alloy B also displayed a bimodal microstructure; however, primary α particles often
coalesced (Figure 2c,d). The alloy had an average primary α grain size of ~13.5 µm in
diameter and a primary α content of ~43%. The transformed β product contained relatively
coarse secondary α, often several microns wide (Figure 2d).

S23 displayed an equiaxed lamellar microstructure (Figure 2e,f) with an average
prior β grain size of ~510 µm in diameter. The prior β grains were typically, but not
always, decorated with GBα several microns in width. While the internal structure of these
grains usually consisted of packets of aligned laths, occasionally, areas of fine basketweave
structure (~100–300 µm in diameter) were observed (Figure 2f).

RR11 displayed a bimodal microstructure, with primary α grains contained in a
transformed β matrix (Figure 2g,h). The alloy demonstrated the greatest level of grain
refinement, with an average primary α grain size of ~6 µm in diameter and a primary α

content of ~24%. The primary α grains were often found to be elongated (Figure 2h).

3.2. Microtexture

Inverse pole figure (IPF) maps and pole figures for all four alloys are illustrated in
Figure 5a–d. Both Alloy A (Figure 5a) and RR11 (Figure 5d) displayed notable texture
intensities of 5.8 and 7.4 times random, respectively. Texture intensities of 6.3 times random
were measured in selected samples of S23 (Figure 5c); however, these were invariably
related to packets of commonly oriented primary α laths within individual grains. Alloy B
(Figure 5b) displayed the lowest texture intensity at 1.7 times random.
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Figure 5. EBSD-derived IPF//Z and pole figures for (a) Alloy A, (b) Alloy B, (c) S23, and (d) RR11.

3.3. Monotonic Tensile Testing

Key parameters measured from the room temperature tensile tests are included in
Table 2. The results illustrate that Alloy A was the strongest of the four alloys assessed,
with an ultimate tensile strength (UTS) of 1111 MPa and 0.2% proof stress of 1027 MPa. This
represents an increase in strength of ~5% over the nearest competitor (Alloy B) while also
providing excellent ductility when compared to typical Ti-6-4 rolled plate products [32].
While the novel RR11 alloy illustrated relatively low UTS and proof strength, it was clearly
the most ductile, surpassing 18% elongation at fracture.

Table 2. Monotonic tensile results.

Alloy
Room-Temperature Monotonic Tensile Properties

Modulus (GPa) UTS (MPa) 0.2% Proof Stress (MPa) Elongation at Fracture (%)

Alloy A 113 1111 1027 15

Alloy B 112 1053 986 9.7

S23 107 1036 911 7.5

RR11 111 890 776 18.2

3.4. Low-Cycle Fatigue and Dwell Cycle Fatigue

Cyclic and dwell fatigue data for the four alloys are combined as a single SN plot
(Figure 6). The absolute peak value of fatigue stress as applied to the individual specimens
is employed as the stress criterion. Selected logarithmic trendlines are superimposed to
emphasize the differences between alloy strengths and dwell performance. The longest
LCF test was terminated as a run-out test at 200,000 cycles, while DLCF tests were restricted
to a maximum life of 30,000 cycles due to time restrictions for the test rigs.
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Figure 6. Cyclic and dwell fatigue data measured from the four alloys.

Allowing for the limited number of points per dataset, it is apparent that the two
commercial alloys, Alloy A and Alloy B, demonstrated superior LCF strengths. Both
indicated a moderate sensitivity to dwell loading. By comparison, the sintered S23 offered
a weaker performance, consistent with the larger grain size of this alloy. Notably, however,
S23 did not display dwell sensitivity. A single best-fit trend line was superimposed on
the combined S23 cyclic data. In turn, when compared to this, the RR11 alloy under
similar cyclic LCF loading offers a knockdown in strength by approximately 100 MPa,
commensurate with the differences in ultimate static strength listed in Table 2. Separate
best-fit lines drawn through the RR11 data help to emphasize the dwell sensitivity of this
alloy in its current form. Extrapolation of the best fit through the dwell data points indicates
that they would merge with the cyclic LCF performance at approximately 680 MPa (~0.75%
of UTS) and a life of 60,000 cycles.

3.5. Fractography

The location of crack initiation was identified in each failed specimen. The spatial
locations are shown in Table 3, categorized into three groups: surface (depth of 0–30 µm
below the specimen surface, i.e., approximately the diameter of a single primary α grain
in the bimodal alloys), near-surface (depths ranging between 30 µm and 300 µm), and
sub-surface (depth > 300 µm).

Table 3. Locations and morphology of fatigue crack initiation (by number of specimens).

Alloy
Initiation Site Location Initiation Site Morphology

Test Type Surface Near-Surface Sub-Surface Colony
Cluster

Isolated
Colonies

Primary Alpha
Clusters

Isolated
Primary Alpha

Alloy A
LCF - 2 - - - - 2

DLCF - 3 - - - - 3

Alloy B
LCF 1 2 1 - - 2 2

DLCF - 2 - - - 1 1

S23
LCF 2 1 - 3 - - -

DLCF 2 - - 2 - - -

RR11
LCF - 3 - - - - 3

DLCF - 2 1 - - - 3
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All S23 fatigue failures were distinct from their bimodal counterparts, in that crack
initiation was invariably located at surface or near-surface regions, each initiating from
clusters of aligned colony grains, irrespective of the cyclic or dwell waveform (Figure 7a).

Figure 7. Exemplars of crack initiation: (a) from radiating aligned lath colonies in S23, (b) isolated
facets in Alloy B, and (c) clustered facets in Alloy B.

Each of the three bimodal alloys illustrated examples of quasi-cleavage facets, irre-
spective of the cyclic or dwell waveform. Alloy B appeared to illustrate some of the best
examples, either constrained by a single primary α grain (Figure 7b) or often traversing a
cluster of juxtaposed primary α grains (Figure 7c).

All Alloy A failures originated near the surface, with each initiating from isolated
primary α grains. Fractures in the RR11 specimens initiated near the surface or, most
notably, the sub-surface, but again, they initiated from isolated primary α grains.

4. Discussion
When considering the relative mechanical performance displayed by the four different

alloys, it should be recognized that two of the variants (namely, Alloy A and Alloy B) are
established commercial materials that are produced on an industrial scale. Therefore, their
alloy chemistry is fixed, and various thermo-mechanical processing routes are assessed
whilst aiming towards specific mechanical attributes. In contrast, the two novel alternatives
(S23 and, in particular, RR11) remain in their early stages of development, and the materials
supplied for this study were experimental in scale.

Based on absolute fatigue performance alone (Figure 6), the two commercial products
provided the greatest strengths, with Alloy A offering superior performance. This is
consistent with their respective static properties, whether represented by monotonic yield
or ultimate strength (Table 2). Indeed, an identical order of ranking for monotonic and
fatigue strength was established across the four alloys evaluated, in the following order:

(Strongest) Alloy A > Alloy B > S23 > RR11

Both Alloy A and Alloy B were processed into a bimodal microstructure with a similar
refined primary α grain size, approximating 13 µm in diameter. However, there was
a notable difference between the stabilization fractions; with Alloy B containing a high
level of aluminum equivalent species, leading to almost double the primary α volume
compared to Alloy A. In addition, the secondary α grains in the Alloy B microstructure
were coarser. In contrast, Alloy A contained significantly higher volumes of transformed
β due to a significantly greater β-stabilized chemistry, with a molybdenum equivalent of
5.28 compared to 2.61 in Alloy B. The β matrix ultimately gives Alloy A its strength and
LCF improvement over Alloy B.

A similar knockdown in fatigue performance due to the imposition of dwell loading
was measured in both Alloy A and Alloy B, although, admittedly, defining clear best-
fit trend lines through the specific cyclic and dwell datasets was made difficult by the
limited number of available specimens and inherent scatter in performance. Increasing
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the amount of data for these two alloys is an essential requirement during future testing
campaigns. Even though greater volume fractions of primary α have previously been
shown to make titanium alloys more susceptible to dwell debit [14], on this occasion, it did
not appear to adversely affect Alloy B, possibly aided by the relatively low texture intensity
of 1.7 times random.

Although dwell sensitivity was detected in both alloys under fatigue regimes previ-
ously described as being “relevant to engineering applications” (i.e., Nf > 104 cycles) [33],
the levels of applied peak stress necessary to induce the effect were relatively high, ex-
ceeding 85% of the UTS alloy in each case. Similar findings have been reported by this
laboratory in relation to the more established metastable β alloy Ti-6246 when processed
in various forms [21]. Three different Ti-6246 microstructures were evaluated, considered
to represent extreme exemplars resulting from typical forging operations. Each variant
required peak stress levels to exceed 90% of static UTS before any indications of dwell
sensitivity were detected. This offers reassurance that any consequences of dwell sensitivity
could be averted in the current high-strength α/β alloys or metastable β alloys in gen-
eral through careful component design and the setting of safe stress operating limits and
duty cycles.

Compared to the combined fatigue data representing Alloy A and Alloy B, RR11
illustrates a reduction in fatigue strength by approximately 200 MPa. The latter also
appears to demonstrate a similar degree of dwell sensitivity (with the effect perhaps
over-emphasized in this case by the dwell test performed at 775 MPa, which achieved
~2500 cycles prior to failure). Despite also containing a bimodal microstructure, RR11
notably demonstrated the highest degree of micro-texture at 7.4 times random. Although
measurement of the prior β grain size in RR11 was difficult, grains exceeding 500 µm in
diameter were sometimes indicated (Figure 5d). In addition, Figure 5d illustrates that
packets of primary and secondary α-phase material occasionally congregated at prior
β grain boundaries, which themselves formed relatively large MTRs. Together, these
two microstructural factors may account for the weaker response from RR11 under both
monotonic and fatigue loading.

It is interesting to note that when the fatigue data for Alloy A, Alloy B, and RR11
are replotted employing a normalized criterion (i.e., applied peak stress expressed as
a % of UTS for the respective alloy), the performance of the three alloys illustrates a closer
correlation, especially towards the short-life end of the SN curve (Figure 8). All three alloys
initiated fatigue cracking via the same mechanism, i.e., stress redistribution acting upon
primary α grains leading to quasi-cleavage facet formation. Since the primary α grain
size was the greatest in the Alloy B material, this alloy illustrated the clearest forms of
faceting (Figure 7b), with localized facet clusters corresponding to juxtaposed primary α

grains resulting from the elevated α volume fraction (Figure 7c). It has been previously
demonstrated that fracture morphology is influenced by micro-texture [34]. MTRs that have
their c-axis texture component parallel to the applied stress have been found responsible
for highly faceted fracture morphologies, where early-stage crack growth is believed to
occur with less resistance [35].

In many ways, the S23 alloy should be considered in isolation. This was the only
alloy to be processed via a powder/sinter technique. Although this specific blend com-
position remains within the α/β classification, at 6.65% molybdenum equivalence, S23
had the closest composition to a metastable β material under the current characterization.
The microstructure comprised a relatively large grain size, containing a distribution of
basketweave or aligned α laths rather than equiaxed primary α sub-grains. Together with
the increased β-phase material, this would encourage multiple slip systems to operate
across extensive slip lengths. This would circumvent the planar, basal slip-dominated
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mechanisms that control LCF fracture in α/β and near-α alloys [36]. This was evidenced by
a lack of quasi-cleavage facets when inspecting S23 fractures. Instead, crack initiation zones
were characterized by rough, trans-granular regions exposing the traces of the underlying,
radiating lath structures (Figure 7a).

Figure 8. LCF data for Alloy A, Alloy B, and RR11 plotted on the basis of normalized applied
peak stress.

Regardless, the S23 alloy displayed relatively good fatigue strength and, most notably,
appeared to be insensitive to dwell loading. Despite this promising performance, further
development of this alloy can now be considered, including minor changes to the elemental
powder blend or thermo-mechanical process, with the latter focused on evolving a bimodal,
rather than lath, microstructure.

While the present paper focused on static and LCF properties, it is emphasized that
other attributes must be considered before potential selection for engineering applications.
For example, the ability to forge and weld all of these alloys of interest has also been central
to alloy design. Other pertinent characteristics of fatigue performance are currently under
investigation, including high-cycle fatigue (HCF) performance and the influence of mean
stress (i.e., Goodman/Haigh relationships). Although HCF research is still at an early
stage, RR11 has demonstrated relatively good properties under such circumstances [37].
Further modifications to the RR11 composition and/or associated thermo-mechanical pro-
cessing could also be considered to improve the fundamental static and fatigue strength of
this alloy.

5. Conclusions
Four α/β titanium alloys, each considered as a potential alternative to the widely

employed Ti-6-4, were assessed for static, LCF, and DLCF performance.
Two alloys previously developed at a commercial stage, namely, Alloy A and Al-

loy B, offered the highest static and fatigue strengths when processed into a bimodal
microstructure. Both displayed a moderate sensitivity to dwell loading.

A novel, proprietary alloy, RR11, shared many microstructural attributes with Alloy A
and Alloy B. However, in terms of absolute stress, both static and fatigue strengths were
relatively low in RR11. The elimination of large prior β grains, remnant from thermo-
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mechanical processing and containing localized regions of high texture intensity, could
offer a route to improve the mechanical properties of this alloy.

The S23 alloy, produced via the FAST powder/sinter process, offered a distinct product
form in comparison to the other three wrought materials. S23 displayed intermediate static
and fatigue strengths, which could be optimized further through different powder blending
and/or thermo-mechanical processing. Crucially, the large grain and heavily β-stabilized
lath microstructure helped to overcome dwell sensitivity.

Additional forms of mechanical assessment, to include high-cycle fatigue and range-
mean characterization, will be reported in a future publication.
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