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ABSTRACT: The paper aims to clad NiTi memory alloy onto the surface of TC4 with electron beam cladding technologyto
study wear resistance of the cladding layer to change the surface properties of the material and meet the requirements on actual
application. SEM, EDS, Vickers microhardness tester and friction and wear tester were used to test the macroscopic morphology,
microstructure, element distribution, microhardness and friction and wear property of the cladding layer. The surface of the
cladding layer was well-formed without pore, no crack, and it achieved a good metallurgical bond with the substrate. The hard-
ness of the cladding layer increased from the surface to the inside, and its value was up to HV625, which was significantly high-
er than that of the TC4 base metal (HV350). The test curve chart showed that the average friction coefficient of the TiNi alloy
solder layer and TC4 substrate after stabilization was 0.052 and 0.169, and the wear rate was 0.96x10* mm®*/(N-m) and
2.28x107* mm*/(N-m). The wear resistance of TiNi alloy cladding layer is significantly higher than that of the TC4 substrate,
and the wear reduction effect can be achieved.

KEY WORDS: TiNi memory alloy; electron beam cladding; microstructure; wear resistance

IFS HEA: 2018-07-10

HE&TIH: BRAKAFESL (51565040) ; T HEHXFT TAEERTR (F287% ) (KILD14055); 2B 5 HEH$ %
¥Rt % (20153BCB23038 )

TEERAN . BA%E (1994—) , 5, MEHELE, TBHRF @ AFAFRFFA e E 4,

EIREE: BB (1979—) , F, Hd, #k, TEHLHF QAN AFAHAITE, BIREHHESF,



126 Ko o B TR

2018 4F- 9 H

TC4 Bk & M ERZ ARG &, UL RIH
A WIARAE . DCBA BT D | s Y LR R SRR RE
ZIH TR HUR . AEYEST | R T, R
ARG AT Tl v, ik AR A i3 kA 7T
sl BT B G e A R A A 4 DR
K MENEZE . Sk . iR UA YRR . I
ZERFBRAL, KORFEAR T A AITERE , MM FR I
ARG R D, PR G 42 o R A 4 O T B S VP 22
B LA PG Y a0 TiNG & 4 S — Rl AL b
B, LU R AIEARICIZ RN . RSk | e BH
Jetk . RIFMZEA T ERESE) 2 N T ALK |
By bl AR . 0 A T, 2]
BSTZ MBI A&, B R R R
ARE WA SR HIOF AR, JHRER B | T3
ERVNPIE S 2 GGl SR oS URZR O X Wil P AL
TEAGUR, A AR BRI oA
NI, FEEERRNT, KR N—MEA,
TERER T ARTAER T, R FIR Rt . [H]

IS} it A A SR SC B R R SR HERR , 2 S
TEHEM BRI . SHAMR AT AL, HA
wZHia . © AW, RIECRE, ASA %
JRBA, BEIRS R IE R @ HAEIE. D5
P, mATRE; © RRAMBHICER, BEES
Wi @ femgthadta s, &M TR RIE R A
PFERRCRENE . LUB KA TC4 BRa E A 3t
TiNi GE ez, AT T AR B S . DG
IO SR BRI RENE AT TR A R
U oy B A0, JF X TiNi 5 &
J2 1) S GRS 2 R P RE AT 1 I

1 FHRTE

IGARHE DI K& TC4 NIAF, #AN 100
mmx20 mmx16 mm, HAL A L3 1. ¥ 60.8 mm
[ TINi iCA25 & 22 BRI T i 7 AU B AR TC4 K,
HAb: W5 2% 2,

R1 TCAHKEEUZERS (RESH)

Tab.1 Chemical composition of TC4 titanium alloy (mass fraction) %
Al \% Fe 0 Si C N H Hopls Ti
6.17 4.08 0.30 0.20 0.15 0.10 0.05 0.015 <0.4 At
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Tab.2 Chemical composition of TiNi shape memory

alloy (mass fraction) %
Ti Ni Mn Fe Si
43.58 56.4 0.01 0.005 0.005
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Fig.1 Schematic diagram of electron beam cladding
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Fig.2 Macroscopic topography of electron beam cladding
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Fig.3 Microstructure evolution of the cladding layer
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Fig.4 EDS spectrum near the ten-layer cladding fusion line
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Fig.5 Phase diagram of Ti-Ni alloy
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Fig.6 Microstructure of ten-layer cladding fusion line
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Fig.7 SEM image for fusion line of cladding layer
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Fig.8 Scanning electron micrograph of ten-layer cladding
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Tab.3 Atomic fraction of elements at each point %
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Fig.9 Micro-structure of heat affected zone of
ten-layer cladding
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Fig.10 Cladding hardness distribution

EABARARE, JF7E AT TS, o e
A7 B Y 4 Ja W shAR I 20, I i T o R
P PR F A S 3 5], DOl 8 2 e 25 i ad i h
X Ti-Ni Wit 4@ B AL & 9 T8 B 2IBHASE R, Me
PEAE & AU AR BRI, I TC4 R AT X A
BEL Sk HV350, AH HLHE T 3G e DX i B A v

23 BFREBERHEZEEGRIERE

TiNi /A 2 5 TCA JEMF 0 EESEE PR B0h 26 WLIET 11,
ATLVE S, BRI EB B, ANE R TC4 Hpif e
TiNi 52, IWEEA MR KW, FEEHEIR R .
OR300 g PERT, BEER SisNy G 4
R F T = A T B O HLUR A R o 7 R 8 s ik
SSHLIE SR, 5 2 v IR AR e i AR T RO 25 B o
B 5, PR RACT B o 3k S PR A S b R 7 2 ) e il
AT —BEH R S A, THBR T A& R M, 7F
3min J5, MZBTRE. BER, TC4 AT
FEERELZ) 0 0.169, EEfiEN 0.7 mg, HERIHRN
2.28x10~* mm*/(N-m); TiNi %57 J2 i) - 1 B2 42 (K % 2
0.052, BN 0.42 mg; FIEEEENECTRE T
69.2%, JER TR T 40%; HHEHFRN 0.96x107
mm’/(N-m), JUREBE 45 R L3 4.

0.5

= TC4
[ ] A TiNi
04r
E L] I.
2 03
Q
3
o | A
% 02 : "y .......---—.....'.""""--.'.""'
2 i
= 0.1 .
L e S ST Vo o e WYCT N
0.0 =
0 5 10 15 20
Time/min

B IR ER/TCA M R 5L
Fig.11 Cladding layer / TC4 substrate wear coefficient
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