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Table 1 Factor and corresponding level

A, B, Ca
Level No. )
frequency/Hz  load/N  displacement/pm
1 (Low) 10 25 50
2 (Medium) 20 50 100
3 (High) 30 75 200
4 (Higher) 40 100 400

25~100 N, THah#IME 50~400 pm.

FH = 4R 58 JFRAL(NANOMAPSO0LS, 55 [#) i
BRI 2, W8 BRI — 4T 30 M 2, # £k 3 Origin
AR, AT TH SRS BRI AR, PR
BEIRACRE, By 15 2 B R AR AR (B 4 &), MR8 S Bl
WK, tHEH B H T BB (JSM—-5600LV,

®2 EAERRIIR
Table 2 Orthogonal design table

ARSI, 70 AT BB -

2 ZFERE5iHe

21 EBREMAENSH

%2 PRy L16(47)IEAC R 7 R e e . % 2
HHSIEG P A Y TCA-DT 2K A 4 16 A FREE SR
B BERE . GO N A @ ANSER) TC4-DT #h6
G B, IARE B B AL T 0.0469~1.4078 mm®
Z I BT AR B, T LA 1 AR B
PR E/N0.0469 mm?), 5 14 4LFE I B IR ok
(1.4078 mm®), %5 2. 4. 7. 10. 13 4RFEMIEDTR
K.

AR BT s 7 R R s B i 45 3, T R T

Test No. A B C e e G/mm’
1 1 1 1 1 1 0.0469
2 1 2 2 2 2 0.524
3 1 3 3 3 3 0.1925
4 1 4 4 4 4 0.6836
5 2 1 2 3 4 0.0767
6 2 2 1 4 3 0.3958
7 2 3 4 1 2 0.7341
8 2 4 3 2 1 0.3423
9 3 1 3 4 2 0.3438
10 3 2 4 3 1 1.39
11 3 3 1 2 4 0.2058
12 3 4 2 1 3 0.3146
13 4 1 4 2 3 0.864
14 4 2 3 1 4 1.4078
15 4 3 2 4 1 0.2091
16 4 4 1 3 2 0.3001

K 1.447 1.331 0.949 2.5.034 1.988
K 1.549 3.718 1.124 19.361 1.902
K; 2.254 1.342 2.286 19.593 1.767
Ky 2.781 1.641 3.672 16.323 2.374
R’ 17.308 20.084 20.873 16.519 16.328
S 0.296 0.990 1.187 0.099 0.051

4 6
K, K;, K3, K, respectively are sum of four levels G, date; e, and e, are two types of errors; g2 — ZKJZ 5 S=R? /(Z G,)?

i=1 i=1
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Fig. 1 Wear rate of titanium alloy TC4-DT under different

experimental conditions
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JE 0.05 I: Foos(3, 6)=4.76, {5[E 0.01 If: Foi(3, 6)
=9.78. X1 A KKI-f, $K&4 TC4-DT ] Fr=3.960<
Foos5(35 6), ULHASZRNEK A4 TC4-DT HITMEI B H
BEEW; T B, C BF, k&4 TC4-DT 1
Fg=13.249>F,0(3, 6), Fc=15.888>F,n(3, 6), HI
AT AR A 4 TC4-DT ISl BRI o i B
(1) 50 o

R 3G TIERSER T 2T g . R 2
T TR N IR B A i 2 R0 L, 10, TIL, TV R/ AT
I, TC4-DT k64 A 71 1K, BT
1 K, C BRI 1 AT Sy R B B s )y, B
TC4-DT k& 4 MIa) BB N ABLCy,
A 10 Hz, 34k 25 N, {024 50 pm, Fridi%
ZAt MK 4 TC4-DT e [RIFEA[FS, TC4-DT
K4 A TR 4K, B 2K F, C T
4 KO BRI, B TC4-DT AK& 4 K1) R 451
MR AsBLCy, B 40 Hz, #ifar 4y 50 N,

&3 JTEM

Table 3 Variance analysis

P# A 400 pm, Frid iz 4 PR S &R N
TC4-DT e ZE R0 3 A EZRWHFEA—E
0 T AR BR G 4 Bl B 5 T e /N B B K K 2 55k
fFo MR EACRIG I EE R, WER TS AP R 2
A NI R . R R 10 Hz, #ifiTh 25 N,
fr#% K 50 ym &, K& & TC4DT 1)
G{TC4-DTp;,)=0.0469 mm’; fEATK Ky 40 Hz, AT A
50 N, fi#h 400 um 441 F, k&4 TC4-DT 1)
G{TC4-DTpx)=2.7819 mm’.

22 MEhXIGERR SR

Kl 2 7Rl TC4-DTyixs TCA-D T ) —4ETESL
Al SEM 5. MK 2()F(b) il LAG HY, 7EASH R4
MR, KA 4 TCA-DT Tkl 5 1 B fu X S5kt IAN [+)
FEEEAR Tl R ME R I M yt. B 2@ =k
TC4-DTysi, 1 4EER . HIE 2 w501, RIEELHN
20 um, IRPELN S pm AEUEMIGL, & 20)TR
N TCA-D Ty MIEEIR . HHIE 2(b) T 01, MR 08 S A 5
25 1500 pm, VFEEFIEFNZ 1000 pm, B X
KA, SRR RN R . E 2(c)s (d)
ALAEH, BRI R TEREZRR, HRE R
M AS, AELEPAT T30 7 10 IRV S . Hfih X
Jey R N A B BT PR, B R S B
IAVEAR Y, BSHIX T B 5 SR R A Y AR
T )2 078 i T S AR J2 3 T 1) B i B o 2 3 ) 28 21
FS o FH BSR4 TSR TR 0 1 M b b A 55 3800 98 P AR T )2
TCA-DT o BSR40 R 2 KX S 5 o 24 5, S
J& 2 MRk, AR E SRR RT. %2
TC4-DTixs TCA-DT o 35 52 ILEEH T 1453475 (1) IR 328
DRI IR LB, BRI A A R/ INANEE (1) 25
JEFIAD RS IS o bl £ TE S0 I v DAt 4N
FEAR B e 75 55 )25, VB AR T 2 B V% T F R P B s
R MR, i I S T A e B s, 4 /s
P& I LU 7% Gy e A HE R ek, S 2, B
h e,

o ) Sum of square of Degree of Sum of square of )
Origin of variance o o F Conpricuousness
deviation freedom average deviation
(A)Frequency 0.296 3 0.099 3.960 Significant effect
(B)Load 0.990 3 0.330 13.249 Highly significant effect
(C)Displacement 1.187 3 0.396 15.888 Highly significant effect
(e)Error 0.150 6 0.025
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Fig. 2 SEM images and 2D Surface morphologies of TC4-DT titanium alloy: (a), (b) 2D surface morphologies; (c), (d) SEM

images
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Fig. 3 SEM images and EDS patterns of wear debris: (a) SEM images of TC4-DTy;,; (b) SEM images of TC4-DTy.y; (c) EDS

pattern of TC4-DTyy; (d) EDS pattern of TC4-D Ty,
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Fig. 4 Friction coefficient curves of TC4-DT titanium alloy (p

is load; d is displacement; f is frequency): (a) Friction
coefficient curve of TC4-DT titanium alloy at =25 N, d=50
um, /=10 Hz; (b) Friction coefficient curve of TC4-DT titanium
alloy at /=50 N, =400 um, /=40 Hz
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Fretting wear of damage tolerance TC4-DT alloy

DING Yan', LIANG Jun?, DENG Kai', BO lin?, DAI Zhen-dong'
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2. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Lanzhou 730000, China;
3. China Aviation Industry Corporation, Chengdu Aircraft Design and Research Institute, Chengdu 610091, China)

Abstract: The fretting wear characteristics of TC4-DT alloy were studied using orthogonal design experiment. According
to the three major factors that affect the fretting wear of titanium alloy, the anti-fretting properties of TC4-DT alloy by
L16 (4°) orthogonal table were studied. The fretting friction and wear characteristics were evaluated by the abrasion and
friction coefficient. The results show that displacement and load are highly significant factors whereas frequency is
significant factor for the fretting wear performance of TC4-DT alloy. The fretting properties of TC4-DT alloy are the
results of the interaction of abrasive wear, adhesive wear and peel wear.

Key words: TC4-DT alloy; orthogonal design experiment; fretting wear property
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