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Abstract

TC18 is a high-alloying near (B titanium alloy with the nominal composition of
Ti-5A1-5Mo-5V-1Cr-1Fe (in wt. %). It has high strength, high toughness, and excellent
hardenability. Based on these properties, TC18 titanium alloy is widely used as structural
materials in fuselage and airplane undercarriages. Laser melting deposition (LMD) is a rapid
shaping technology for fabricating complex components from the computer aided design
(CAD) model. Near-net-shape metallic components with fully dense are fabricated based on
layer-by-layer materials melting and deposition process. Compared to traditional
manufacturing processes, the LMD process reduces the working steps and the production time.
Because of its outstanding advantages, LMD is attractive for manufacturing complex
aerospace structural components made of difficult-to-process materials, like TC18 titanium
alloy.

In this dissertation, laser melting deposition (LMD) manufacture processing was used to
fabricate the TC18 titanium alloy plate. The plate was treated with double-annealed heat
treatment process. The smooth specimens were prepared for tension-compression low cycle
fatigue (LCF) tests. The nominal strain amplitude (Aey/2) was between £ 0.5 % ~ = 1.0 % with
a strain ratio R= -1. The microstructure and fatigue property of LMD TC18 titanium alloy
were studied. To locate the fatigue crack initiation site and demonstrate the fatigue fracture
mechanism, the fracture surfaces were examined using scanning electron microscope. To
observe the relationship between fatigue properties and microstructure, the longitudinal
sections of the specimen, which was invalidated but not broken, were examined using optical
microscope and scanning electron microscope. Results show that:

(1) Microstructure of double annealed LMD TC18 titanium alloy consists of lamella-like
primary a phase and transformed f matrix with ultra-fine secondary o phase in it. The primary
o lamellar has a small size with average width of approximately 0.5-1.75 pm and shows
approximately two different directions. One is perpendicular to the grain boundary, and the
other one is parallel to the grain boundary. Inhomogeneous morphologies of grain boundary a
phase can be observed. Some grain boundary o is discontinuous and even dissolved
completely while others is still continuous.

(2) The LCF curve of LMD TC18 is obtained and the relatibnal expression to predict the
LCF is Ag, /2= 0.0236x (2Nf) 1%+ 0.2174x (2Nf) *¥¢,

(3) There are different characteristics among the cyclic stress response cures under

different total strain amplitudes. When the total strain amplitude is high (Ag./ 2= £1.0%), the

iii



stress amplitude falls sharply at the beginning of cyclic loading; while the strain amplitude is
low (Ag /2 < £0.8%), cyclic stress strengthened, and then keeps stable in a period of cycles;
when the total strain amplitude is £0.8%, cyclic stress reinforces in the early stage, then
shows cyclic softening after certain cycles. Before specimens getting invalidated, cyclic stress
of all samples falls fast.

(4) More than one crack initiation sites can be detected on the LCF fracture surface and
the morphology is different. The primary crack initiation site is flat, while the secondary crack
initiation site is sunken. If stress concentration in the secondary crack initiation site is low
enough, microstructurally sensitive crack nucleation and propagation can be detected which is
characterized of o lamellar cleavage facets and tearing p matrix between a facets. Fatigue
crack often initiates at micropores, so eliminating pores or reducing the size of pores inside of
the specimen through optimization of the forming process could be a method to increase the
fatigue life.

(5) When the crack grows along the grain boundary, continuous grain boundary o phase
leads to a straight propagating manner, the crack is prone to propagate quickly in the denuded
zones (non-segregation area) on either side of the grain boundary. Discontinuous grain
boundary o phase gives rise to flexural propagating mode and increases the length of crack
propagation route. In the discontinuous area, twisting expanding route increases the ratio of
crack cutting through grain boundary a phase. Thus, it improves propagation resistance and
reduces propagation speed. Therefore, reducing the continuity of the grain boundary via heat
treatment could be a method to increase the fatigue life.

(6) LMD TC18 titanium alloy was heat treated by another double annealed treatment (880°C
/1h, FC+750°C/2h, AC +600°C/4h,AC). LCF test was conducted with the same parameter as

before to analysis the relationship between different microstructures and fatigue properties.
The microstructure consisting of coarse primary o lamellar and transformed B matrix was

obtained. Secondary o phase can be detected in the B matrix which is ultra-fine. It has higher
ductility and lower strength compared with the specimens treated under 860 ‘C/2h, FC + 750 C
/2h, AC + 580 "C/4h, AC. Under low strain amplitude, LCF life of these specimens is lower,
while under high strain amplitude, the fatigue life of these specimens is closer to the former

one.

Keywords: laser melting deposition; titanium alloy; microstructure; fatigue property;

fatigue crack initiation and propagation
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