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Fig.1 Schematic diagram of the laser micro cladding deposition

process

BN LFE &, JbT 100084, Hi%: 010-62782938, E-mail: yaoho9@mails.tsinghua.edu.cn



< 440 - WA SRS T2

i 45 %

S TR HOE 2 )2 A 7 O A R . BEM
AERHRT,  SEEG AT A D ARFT B B R i A R, A
PRI e 1% SEIR HM AR FIBRTE I TCA oK,
KHBLEE 45~150 pm. MAREEWE 2 fin. L T2
ZHNE 1 iR,

WOCWUE B BV 5, & 0 Al sl Re . ) A
OLYMPUS Jt:2 814 (OM) Sl #E k47 B i 4
M2, FIH MN-3 B B R (4B L) #EAT A
FEMAR, hn#Ek AT 200 g, HnEEHEA 10 s,

2 #R5

2.1 HMAMBENR TCA KEENENBELARS

FEROCHUIRE TR LR T, T, 15
T PRI 03 JBE BE R il O R B TR D IR,
FEREE IR B R P EE 5 T8 R IR - i 3 s
AT LA b 00 52 B SO e BE U7 1A B AR AT AT T
WO T 17 S R 1A I JR o ARAE BT i e A
BEHURFMAR, HRETT B F BMEER
Kl 3a), tATHET # AR AE S AT — )= AR IR S AR
B b AR O PRI B I (R R (il 3b).

SLIG IR FC R B AN BT 2 50T i 46 1) TCA 1FE
Z BT B A0 3 P i WIS AR 2 T 2 A
X3 & 3a AT IX AL TE A 2 R T AN 2 10 J=
(ISR, T 3b rh 7 2 TOUAS 9 g X, WY X AR 1S X )
N .

K2 TC4 AR
Fig.2 SEM image of TC4 powder
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Table 1 Processing parameters of the laser micro cladding

deposition process

Powder feeder
1 Frequency

Increment of
\oltage/V  Z axis/mm

Laser Scan
power/W velocity/mm s

/Hz
60~90 2~5 30 40 0.1
65 2 30 40 0.1

o

Bright area
’{Q

Dark area

Height direction of deposition

Dark area

Bright area

Height direction of deposition
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Fig.3 Macro-images of laser micro cladding deposited TC4

samples
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Fig.4 Microstructures of TC4 for different P with V=5 mm/s: (a) 60 W, (b) 70 W, (c) 80 W, and (d) 90 W
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Fig.5 Microstructures of TC4 in different areas: (a) bright area
and (b) dark area
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Fig.6 Microstructures of TC4 for different V with P=80 W: (a) 5 mm/s, (b) 4 mm/s, (c) 3 mm/s, (d) 2 mm/s, and (e) 1 mm/s
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Fig.7 Microstructures of TC4 for low V with P=80 W: (a) the whole, (b) magnification of position A, (c) magnification of position B, and

(d) magnification of position C
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Table 2  Relationships between P/V and microstructure

characteristic

P/ 1 P/W V/mm s Microstructure characteristic
W s mm
12 60 5 Bright area-up (604 pm)
Dark area-down
Bright area-up (622 um)
14 0 5 Dark area-down
16 80 5 Bright area-up (674 pm)
Dark area-down
18 90 5 Bright area-up (708 um)
Dark area-down
20 80 4 Bright area-up (711 pm)
Dark area-down
26.7 80 3 Bright area-up (774 pm)
Dark area-down
375 65 2 Bright area-up (885 um)
Dark area-down
Dark area-up
40 80 2 Bright area-down
80 80 1 Dark area-up

Bright area- down
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Fig.8 Microstructure of TC4 for different layers with P=65 W, V=2 mm/s: (a) 4 layers, (b) 6 layers, (c) 8 layers, (d) 10 layers, and (e) 16

layers
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Fig.9  Microhardness of TC4 parts with V=5 mm/s under
different laser powers
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Fig.10 Microhardness of TC4 parts with P=80 W under the
speed of 3, 4 and 5 mm/s
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Fig.11 Micro-hardness of TC4 parts with P=80 W under the

speed of 1 and 2 mm/s in different regions
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Influence of Processing Parameters on the Microstructure of TC4 Titanium Alloy

by Laser Micro Cladding Deposition Manufacturing

Yao Bo'?, Lin Feng®, Ma Xulong*
(1. Key Laboratory for Advanced Materials Processing Technology, Ministry of Education of China, Tsinghua University, Beijing 100084, China)
(2. Army Aviation Institute of PLA, Beijing 101123, China)

Abstract: In the process of laser micro cladding deposition manufacturing of TC4, the influence of the laser power and scanning speed on
the microstructure and micro-hardness were analyzed. The results indicate that the prior g columnar grains dominate the entire cladding
layer or the columnar are epitaxial growth with a thin layer of fine dendritic microstructure in the top. There are two regions, bright region
and dark region in the macrostructure. When P/V is less than 40 W s mm™, the bright region is in the top and the dark region is below it.
The microstructure of the two regions is acicular martensite and it is finer in bright region than in dark region. The micro-hardness of the
bright region is higher than that of the dark region. With the increase of the laser power or the decrease of the scanning speed, the height of
the bright region increases and the micro-hardness of the bright and dark regions all decreases. Otherwise, the bright region is under the
dark region. In this case, the microstructure of the bright region is still acicular martensite, while the microstructure of the dark region is
coarsened from acicular martensite by a solution and aging treatment of the repeated heating; at the same time, the micro-hardness of the
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dark region is higher than the bright region.
Key words: laser micro cladding deposition; TC4; processing parameter; microstructures; micro-hardness
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