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Table 1  Chemical composition of TC4 and TC11 alloys (ω/%) 

Alloy Al V Mo Zr Si C O N H Ti 

TC4 5.65 4.02 - - - 0.062 0.15 0.015 0.012 Bal. 

TC11 5.48 - 3.54 1.57 0.32 0.024 0.02 0.012 0.010 Bal. 
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Table 2  Composition of each layer (ω/%) 

Layer No. TC4 TC11 

1 75 25 

2 50 50 

3 25 75 
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Fig.1  Schematic diagram of sampling direction: (a) direct 

transition and (b) 3 transition layers 
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Fag.2  Schematic diagram of the fatigue specimen  

 

´K`abcAÐÀα´K����%n�Øµ

Í α´Øµ���Øµl0Y	´*K´q}���

�ØµemØµl0k� α´m�b Øµl0�

�m�[ �_ 3c 4Að��ôFDõAð�:U

w$ôDõwx��4 TC4Dõ�¥�4 TC11

�� TC4� TC11�^|}Að��ñ���JAð 

b a 

D
e
p

o
s
i
t
i
o

n
 
d

i
r
e
c
t
i
o

n
 

Both ends 

Both ends 

Others 

Φ 

Φ 



®3050®                                        ¯�3°OPT�A                                             � 48� 

 

 

 

 

 

 

 

 

 

¦ 3  ��abQ TC4/TC11OPIJ±ijRS 

Fig.3  As-deposited microstructure of directly transited TC4/TC11 materials: (a) TC4 alloy, (b) TC11 alloy, and (c) TC4/TC11 transition zone 
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Fig.4  Microstructure of transition zones in gradient materials with 3 transition layers: (a) the first layer, (b) the second layer, and (c) the third 
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Fig.5  Annealed microstructure of gradient materials by laser 

deposition: (a) direct transition and (b) 3 transition layers 

^¾¿À}� TC4/TC11 /012ÙÚ���±ü

»ÁÂ

[16]

� TC4� TC11÷Þøù�U±"ï51

2K 550 � 800 MPa ï5\cÆ�ÙÚøù°yx

TC4Í£x TC11|DõEj=ÃOjå4 TC11

�ôFDõw4�¥� 

�ä*$-: 3 �Að�� TC4/TC11 /01

2KY\cÆ8U|}Að TC4/TC11 12�ÙÚø

ùyÄ$ 3�Að�X TC4� TC11ï512�<

�� K�t:Åx!y TC4/TC11 ¡ �/01

2�ÙÚ���<Æ�� TC4/TC11 /012º 

# TC4 � TC11 �¹;��Ç� TC11 ´UóÙÚ

��:?È£� 

2.3  ������ 

_ 6 4`abc TC4/TC11 ¡ �/0126�

�ÙÚ
mÉGn�_ 6a�6b jK 550 MPa Æ�

ÙÚ
mn�_ 6c jK 800 MPa Æ�ÙÚ
mn

��|_=Ã550 MPaÆÊËÌ8KúR%+ÍØ

800 MPaÆÊËÌKúR*:�\cÎÀPÍØ�O

 

 

� 3  �������	
� 

Table 3  Parameters of the fatigue lifes of two materials 
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Fig.6  Macro fatigue fracture of TC4/TC11 gradient material: (a) 550 MPa, 3 transition layers; (b) 550 MPa, direct transition; (c) 800 MPa,  

direct transition 
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Fig.7  Microcosmic morphology of fatigue source zone: (a) 3 

transition layers, N
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 and (b) direct transition 
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Fig.8  Microscopic morphology of crack propagation zone:    

(a) secondary cracks parallel to fatigue strip and       

(b) secondary crack perpendicular to the fatigue strip
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Fig.9  Micro-morphology of the short-break zone: (a) low stress and (b) high stress 
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Abstract: In order to study the microstructure and fatigue properties of laser deposited TC4/TC11 gradient materials, directly transited and 

gradiently transited TC4/TC11 composite materials were prepared by laser deposition manufacturing technology. The microstructures of 

composite materials by different transition were observed, the fatigue properties of these two composite materials under stresses of 550 MPa 

and 800 MPa were tested, and fatigue fractures were analyzed. The results show that the interface of the microstructure of the gradient material 

with 3 transition layers is not obvious, and microstructures of TC4 and TC11 are integrated more tightly in the transition zone than that of the 

directly transition composite materials. The fatigue life of the gradient material with 3 transition layers under either stress is higher than that of 

the direct transition, which is relatively increased by 129.3% under low stress and 81.8% under high stress. The direct transition composite 

material cracks along the bunch of α-sheet during crack propagation, with a large sliding surface and a short fatigue life. The cracks of gradient 

material with 3 transition layers grow along a single α-sheet, the slip plane is small, and the crack propagation path is more tortuous, which 

prolongs the fatigue life. 
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